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FOR THE BEST IN PLASTISOLS: 


OPALON 410 Givi kesin 


e exceptionally low viscosity dispersion, free from 
graininess or settling—high rate of shear 
unique batch-to-batch uniformity; excellent 
non-dusting properties 
disperses quickly, uniformly- 
no grinding required 
highly efficient in spray, strand, reverse roll, 
dip, and knife coating operations 
410” plastisols, when fused, provide tough, 
abrasion-resistant coatings with superior 
chemical and moisture resistance 


Opalon 410 vinyl resin is formulated to meet 

specific needs of coaters of textile and paper for 
upholstery and wall covering . . . coaters of filament 
for corrosion resistant screening, decorative tapes, 
industrial hose cord, slush molders of toys and 

hollow components for many uses. Other Opalon 
resins & compounds go into the successful molding of 
phonograph records, appliance parts, housing, 
rainwear .. . extruding & calendering of film, 
sheeting, and floor tile. Specify OPALON vinyl 

and profit from Monsanto research, experience, and 
productive capacity. For “410” information bulletin, 
write Monsanto Chemical Company, Plastics Division, 
Room 740, Springfield 2, Mass. 


VINYL-COATED 
FIBER GLASS 


SCREENING MONSANTO INNOVATOR IN PLASTICS 





Logan Hydraulics, Inc., a subsidiary of Logan 
Engineering Company. 


John Royle & Sons, Paterson, New Jersey— 
first in Extrusion since 1880. 


JOHN ROYLE & SONS 


Pioneered the Continuous Extrusion Process in 1880 


Home Office, V. M. Hovey, J. W. VanRiper, SHerwood 2-8262. Akron, Ohio, J. C. Clinefelter Co., 
Blackstone 3-9222. Downey, Cal., H. M. Royal, inc. TOpaz 1-0371. London, England, James Day 
(Machinery) Ltd., Hyde Park 2430-0456. Tokyo, Japan, Okura Trading Company, Ltd., (56) 2130-2149. 
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FROM THE 
TWO BEST 
COMES 
THE BEST 

BLOW MOLDING 

MACHINE 


John Royle & Sons and Logan Hydraulics, Inc. 

by working together with the closest co- 
operation for this sole purpose—have produced 
the finest possible modern, high-production 
Blow Molding Machine available today. 





When two such firms as Royle and Logan com- 
bine their engineering talents and manufactur- 
ing skills and experiences the results are sure 
to be outstanding. 

And outstanding, indeed, is the NEW Royle- 
Logan Blow Molding Machine, with: 


Royle— 


Extruder and Manifold, with proven Royle 
Extruder ruggedness and dependability. 


New Design for even flow 2, 4, or 8 station 
Manifold. 


Individual valving at each head for flow 
control. 


ind Logan— 


3 standard press sizes, embodying the 
accuracy and durability long associated 
with Logan equipment. 


Either rising table or stationary type for 
continuous or diverted flow extrusion. 


Adjustable stroke lengths for economical 
handling of varying mold sizes. 


Paterson, N. J. 
John Royle & Sons, 8 Essex Street, Paterson 3, N. J. 


Please, send me all information about the 


NEW Royle-Logan Blow Molding Machine. 





Name = — 





Company___ 
Street __ 
City 
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for your new 
Thermocouple 
Data Book 
now 


W E © LY nAtusmont. 


CORPORATION 


SALES OFFICES IM PRINCIPAL CITIES 





43598 W MONTROSE, CHICAGO 41, ILL. 


British Subsidiary 
WEST INSTRUMENT LTD 
52 Regent St.. Brighton 1, Sussex 


Represented in Canada by Davis Awtomatic Controls. Li¢ 


For all applications— 
for use with all standard 
types of temperature 
indicators, controllers, 
recorders—we make a 
complete selection of 
thermocouples from 
matched and checked 
wires, assuring constant 
millivolt output for 
accurate readings. 


NEW 
Dare 
BOOK 
FREE 


Revised 40-page 
file-size catalog 


@ Lists all data 
(1.S.A. standards), 
components and 
prices 


Graphically shows 
how to select best 
thermocouple and 
protective tube for 
each operation 

See us ot the 

29th National Packaging 

Exposition 

Atlentic City, N. J 

Convention Hall 

April 4-7, 1960 

Booth 1220 
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Society of Plastics Engineers, Inc. 


An international scientific and educa- 
tional organization of more than 7,000 
individual members devoted to the de- 
velopment and dissemination of technical 
information in the fields of research, de- 
sign, development, production and utiliza- 
tion of plastics materials and products. 
The Society is incorporated under the 
laws of the State of Michigan. 


Executive and 

Business Offices 
65 Prospect St. 
Stamford, Conn. 


Officers of the Society 


George W. Martin, President 

Frank W. Reynolds, ist Vice President 
Haiman S. Nathan, 2nd Vice President 
James R. Lampman, Secretary 

Joseph B. Schmitt, Treasurer 

Thomas A. Bissell, Executive Secretary 


All correspondence relative to business 
matters, meetings of the Society, mem- 
bership, advertising etc., should be ad- 
dressed to the business offices listed above. 


@ 
Members should notify the business 
offices at least 30 days in advance of 
contemplated changes in address 


e 
Membership in the Society is available to 
qualified individuals. Inquiries should be 
addressed to the business office. 


ee 
Membership in the Society is extended to 
individuals who by previous training or 
experience or by present occupation 
qualify them to carry out the objective of 
the Society. The privileges of membership 
are designed to enhance the professional 
standing of the individual member by 
encouraging participation in scientific 
and technical programs and professional 
activities; by developing close personal 
contacts and acquaintanceship among 
members; and by providing an oppor- 
tunity to administer the local and national 
activities of the Society. 
& 

Neither the Society of Plastics Engineers, 
Inc., nor the SPE Journal is responsible 
for the views expressed by individual 
contributors either in articles published 
in the Journal or in technical papers 
presented at meetings of the Society. 


Non-Member Subscription Rates 


DOMESTIC FOREIGN 

1 Year $ 6.00 1 Year ... $10.00 
2 Years , 11.00 2 Years 16.00 
3 Years 15.00 3 Years 20.00 
*Single Issue .65 *Single issue 1.50 *Single is- 
sues older than 6 months are charged at $1.00, 
and single copies of the Roster issue at $2.00. 
© The SPE Journal is Published at 215 Canal St., 
Manchester, NW. H. Address changes, undeliverable 
copies and orders for subscriptions should be sent 
to 65 Prospect St., Stamford, Conn 
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engineering trends of technical significance 


Check box for later reference 


SPE Journal Newsletter 
SPECIAL FEATURE—Thermoforming Molds for Linear Poly- 
ethylene 

Robert Doyle and Donald Allison, Phillips Chemical Co 

Practical design suggestions for making aluminum molds 
North Texas RETEC—Plastics in the Petroleum and Chemi- 
cal Industries 


Speaking of Extrusion—Extruder Instrumentation 
H. B. Kessler, R. M. Bonner, C. F. Wolfe, and P. H. Squires, Du Pont C 
Rapid response recording of extrudate temperature and pressure 

Molding Cycles—Modernization Program for Thermosetting 

Plastics Equipment 
E. G. Greninger, Bryant Electric C 
A program for compression molders to automate their plant 

Reinforced Plastics—Epoxy Resin Laminates with High 

Thermal Resistance 
R. O. Menard and W. W. Cooner, Du Pont Cc 
Technique for preparing glass-reinforced laminates with 


utstanding 


thermal re tar 


Cure of Molded Melamine Resin 
H. P. Wohnsiedler and R. A. Tiley, American Cyanamid C 
The significance f the molded product 
Acrylic polymers for Use in Rigid and Semi-Rigid Vinyl Com- 
pounds 
Robert P. Hopkins, Rohm & Haas C 
Modification with acrylic improves processing of vinyl! resins 
Polypropylene Wax—A New Resin for Plastic and Coating 
Applications 
J. E. Guillet and H. W. Coover, Jr. Tenr 
Modification with polypropylene wax improves scratch, scuff, and block 


f cure On properti« 


ee Eastman C 


resistance of other waxe 
New Curing Agents for Epoxy Resins 
Henry Lee and Kris Neville, The Epoxylite Corr 


Some boron-containing compounds may find use as fast-cure agent 


Foams in Electronics 
Roger Jennings, Polytron Corp 


Electronic packaging and missiles 


; 


Society Action—SPE Plastics Engineering Series Grows 

Hiram McCann, Chairman, Technical Volumes Committes 

Committee Reports—Spotlight on the PAG’s and Editorial Advisory Board 
A Staff Feature 


Editorial 

Technical Meetings Calendar 
Section News 

About Members 

Plastics Around the World 
New Books 

Employment and Service Guide 
Advertisers’ Index 


253 
328 
330 
334 
336 
338 
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342 


COVER A better end product through careful control of cure. Photograph, 


courtesy of American Cyanamid Co., shows operator removing melamine cups 


~) 
Member of the « 
° 


Audit Bureau 


: : - s , , ; : 
of Circulations Curca* from molds designed to give optimum cure. 





new PRODUCTION RECORDS! 


are being set with INDUCTION HEATED, CONTROLLED 
HIGH PRESSURE EXTRUDERS 


because new features have been incorporated into a Production 
Extruder to meet your present and future requirements. 





SOUND ENGINEERING—RUGGED DESIGN—UNIFORM INDUCTION HEAT— 
FAST HEAT-UP—PUSH-BUTTON PRESSURE CONTROL—al! of which insure 
less scrap, less power consumption, less down-time, and uniform gauge con- 
trol around the clock 


Address your inquiries to HALE & KULLGREN, INC. BLAW-KNOX 


613 E. Tallmadge Avenue, Akron, Ohio 


Aetna-Standard Division 


BLAW-KNOX 
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CONTROLLED PRESSURE ASSURES QUALITY... The ntroile 
pressure plasticizing action of the screw can be adjusted 
independently of die pressure or screen pack condit 

a 
COMPLETE INSTRUMENTATION . . Recordir INDUCTION HEATING SYSTEMS .. . inciuding automat water 
f ped melt ten ratiurs + nore r ng equipment provide on the butt temperaturé 
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WITH D-M-E 
STANDARD 


MOLD BASES 


1 


GREATER ECONOMY 


Interchangeability lets you replace any 
component without special fitting or re- 


working. When you replace a cavity plate ~ y | 
(regardless of thickness), leader pins and , 
bushings will be in alignment every time! Exploded View Showing 

What’s more, you can select from over Unassembled Mold Base 


7,000 cataloged Mold Base combinations. 


4 FASTER SERVICE 


Delivery from local stock means you get Standard Mold Bases, 
components and moldmakers’ supplies when you need them— 
direct from D-M-E’s fully-stocked local branches! 


— 


ADDED QUALITY > 


Exclusive design and construc- 
tion features at standard prices: 
First-quality steel; surfaces 
ground flat and square; pat- 
ented tubular dowel construc- 
tion; one-piece ejector housing; 
stop pins welded to ejector 
bar; and sizes to 2334" x 3514"! 


pon th DETROIT MOLD ENGINEERING COMPANY 
6686 E. McNichols Road—Detroit 12, Michigan—TWinbrook 1-1300 


THE NEWS? 
r\/ Contact your nearest branch for fast deliveries! 
sae U CHICAGO + HILLSIDE, NJ. + LOS ANGELES 
ones S mene D-M-E Corp, CLEVELAND, DAYTON; D-M-E of Canada, Inc, TORONTO 
A 


publication is full 60- 
of cost-saving ideas for designers, 


moldmakers and molders. Write - 
on your’ letterhead—we’ll place One-call service on Standard Components for Plastic Molding and Die-Casting 


your name on the “NEWS” Injection and Compression Mold Bases « Injection Unit Molds e Cavity Retainer Sets « Mold Plates « Ejector and 
mailing list. No cost, no obligation. Core Pins « Ejector Housings « Leader Pins and Bushings ¢ Sprue Bushings « Moldmakers’ Tools and Supplies 
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Exceptional flow properties and viscosity stability 
provide easier application, wider compounding latitude. 


Here is one of the most thoroughly pretested dispersion 
resins ever put on the market Diamond PVC 70! Over 
a million pounds were produced as a test—and proof—of 
superior uniformity. Immediate commercial acceptance 
has resulted. 

Low viscosities at both high and low shear rates and 
maintenance of these viscosities upon aging, even at 
higher than normal temperatures ...these are charac- 


SHEAR RATE vs. VISCOSITY | 
| 


SEVERS EXTRUSION RHEOMETER | 


_ PVC-70 1 parts | 
DOP 60 
| 2 HOUR AGING 
1. 


200 400 600 800 1000 1200 1400 
SHEAR RATE, (sec -1) 


VISCOSITY (poises) 
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A new vinyl 
dispersion resin 
for 
PLASTISOLS 


and ORGANOSOLS 


teristics of plastisols and organosols based on PVC 70. 
Fewer problems with dilatancy in high-speed coating, 
fewer viscosity adjustments in recycled plastisols for 
dipping and molding, fewer hot-weather headaches for 
custom compounders are all possible with this resin. 
Diamond PVC 70! Try it in your own plant, with your 
own equipment. Experienced sales and technical service 
personnel are at your service. 

Look to Diamond for new things in Vinyl Dispersion resins! 
For complete information, write Diamond Alkali Com- 

I 
pany, 300 Union Commerce Building, Cleveland 14, Ohio. 


® 


Diamond 
Chemicals 





DOP DIBENZOATE OCP 





Cost of 3-part metal-plastic medallion cut 547% 


Proof ::: you can save with Plexiglas 


incidentally, saved this company thousands of dollars 


Everybody recognizes the economics of using a single 
molded plastic part rather than a multi-part assembly. 
But when you mold the complete unit of PLEx1GLAs" 
acrylic plastic, the saving is just one of many out- 


standing advantages you gain. 


Obviously, assembly time is eliminated. There are no 
metals to corrode, tarnish or pit. All decorative effects 
are protected from harm on the underside of the 
molding. The surface is mirror smooth and continuous. 
Color range, metallic effects and accurate reproductions 
of trademarks are almost unlimited. And there’s built-in 


resistance to breakage and weathering. 


The above example is based on estimated costs . . . and 


246 


Perhaps you can put PiLexicLas to work for your 
company ...at a big saving. Write for information 


and molding help. 


In Canede: Rohm & Haas Co. of Canada, Lid., West Hill, Ontario 


Chemicals for Industry 


ial ROHM & HAAS 


COMPANY 
WASHINGTON SQUARE, PHILADELPHIA 5, PA. 
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JOURNAL 
NEWSLETTER 


reading time 
1 minute 


Measuring amplitude and frequency of sound waves may 
one day soon be an extremely accurate method for test- 
ing fatigue strength of polymers. The unique method 
may be practical because the crystal lattice, in going 
from one energy level to another emits sound waves. By 
measuring the sound waves emitted just prior to fracture, 
performance of subsequent test samples can be predicted. 
The pioneering work was done in Germany where it was 
recently discovered that the sounds emitted when metals 
crystallize form definite acoustic patterns. . . . Preform 
hardness of phenolic molding materials has a definite 
effect on their RF preheat characteristics. One easy way 
of measuring preform hardness is to use a Durometer “’D”’ 
scale tester. Total cost of equipment: About $230.00. .. . 
Want a rapid test to distinguish between electrical and 
nonelectrical grades of poly(vinyl chloride)? Make an ex- 
tract solution using either isopropanol or high purity wa- 
ter and run conductivity measurements on the extracts. 
Resistivity of typical vinyl insulating stock decreases 
sharply when resins having high extract conductivity are 
used. The test fills the need for a method to screen resin 
prior to compounding. . . . Another “’first’’ for plastics. 
An 8-inch plastic sewer main has been installed in Need- 
harn, Mass. All house connections were made with plas- 
tic pipe, including solvent-welded ‘’Y”’ connections to the 
main. .. . More help is coming for the design engineer. 
A Plastics Technical Evaluation Center is being estab- 
lished by the Department of Defense at Picatinny Ar- 
senal, Dover, N. J. Functions: (1) collect and disseminate 
information on plastics (2) provide technical assistance 
on problems involving the use of plastic materials to mil- 
itary suppliers and contractors (3) prepare and issue 
state-of-the-art reports, and (4) spearhead advances in 
standardization of processes, products, and testing in the 
field of plastics. 





new technical ideas industry news 
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CELANESE 
MATERIALS 
REVIEW 


CELANESE TECHNICAL SERVICE 
How to put more experts on your team without extra cost 


Celanese has the technical experts who can help you get the most out of plastic materials at any stage from design 
product testing. Here's a rundown on the technical services Celanese can provide with respect to molding 


DESIGN CONSULTATION 
In the final stages of a design, you can call on Technical 
Service to review the design from the standpoint of molding 
technology. At this point it is possible to forestall problems of 
moldability and strengthen critical points by simple means 
such as changing a radius—without affecting basic design. 


ASSISTANCE WITH MOLD DESIGN 
Celanese Technical Service is prepared to review mold de- 
signs and offer recommendations. This includes mold cooling, 
gate location, sizes of gates and runners, etc. It’s surprising 
how much a slight variation from optimum in mold design can 
affect the quality of the molded piece. Form retention, surface 
quality, freedom from warping and sinks, demand a precise 
knowledge of the geometries involved as well as of the 
materials 

MATERIAL SELECTION 
jozens of basic formulations of the Celanese plastics 
1 new formulations are possible to meet the needs of 
molders. They vary in melt index, flow temperatures, molding 
properties, and end-use properties. Often, formulations are 


Literally 


RUGGED, 
ECONOMICAL 
MOLDINGS 
ARE MADE OF 
CELANESE 
FORTIFLEX 


SILVERWARE CYLINI 
FOR DISHWASHI 


available for special needs, such as flame retardant or light 
stabilized properties. Here Celanese technical assistance is 
invaluable in coming up with formulation recommendations 
that will be most suitable for your product. 


EQUIPMENT AND ITS ADAPTATION 
Celanese Technical Service will be glad to discuss your equip- 
ment requirements or needed modifications. For example, you 
may benefit from their knowledge of auxiliary molding equip- 
ment, or cooling processes, or the details of molding machinery. 


PILOT MOLDING SUPERVISION 
Celanese technical experts will help you supervise the first run 
of material. If material difficulties arise at the molding trials, 
they will make suggestions for changes and cooperate with 
you on additional trials. If you desire, they will send samples 
of the molded parts to Celanese Service Laboratories for evalu- 
ation. 


This service is available to you now. It can help you avoid 
pitfalls and save you time and money. For further information, 
check the coupon. 








TINE 








pocccccccccccc 


SEND FOR THE NEW FORTIFLEX DESIGN 


tlie 
FORTIFLEX 


al 


design 





BROCHURE. Gives detailed property and ap- 
plication data on Fortiflex and many sugges- 
tions for its use in industrial design. Shows 
Fortiflex Plastic used to make injection mold 
ings, blow moldings, high-tensile filaments. 
Write today! Celanese® Fortiflex® Forticel® 


PLASTICS and RESINS 





CELANESE PLASTICS COMPANY, a Division of Celanese Corporation 

of America, Dept.129-C, 744 Broad St., Newark 2, N. J. 

ada; Canadian Chemical Company, Limited, Montreal, Toronto, V 
»s: Amcel Co., Inc., and Pan Amcel Co., Inc., 180 Madison Ave., N. Y. 16 


[] Please send me “Designing with Fortiflex” 


C) Please get in touch with me regarding Technical Service 


F000 ee ORS 


Address 


| Name 
+ 


PLATE-OUT TEST 


BAR-O-SIL 
addition 


COLOR 
P/CK-UP excessive 


PLASTICIZER 
43 parts 


RESIN 
100 parts 


—NONE 


10% 


heavy 


LUBRICANT 
V2 part 


fmoderare 


COLORANT 
3 parts 


2.0% 


slight 


STABILIZER 


( Ligwd Barium Cadmium) 


2 parts 
BAR-O-SIL 


as shown above 


National Lead Company Research Laboratories Test * 7875 


Watchung Red pick-up on cleanup stock proves... 


novel new supplementary stabilizer 
gives best-yet control of plate-out 


No need to change barium- 
cadmium stabilization base! 
There is a standard vinyl industry test 
of plate-out. Recently, at National Lead 
Laboratories, we used it to evaluate a 
new and novel approach to the control 
of plate-out ... with gratifying re-uits. 

Test procedure was simple. Bar-O- 
S1L*, a newly developed Naticual Lead 
barium-silicate supplementary stabiliz- 
er, was added in varying quantities to 
a number of different barium-cadmium- 
stabilized stocks heavily overloaded 
with Watchung Red. Immediately after 


pound was run. Degree of color pick-up 
indicates degree of plate-out control 
established by given levels of BAR-O-SIL 
stabilizer content. In our many tests, 
the reduction of color pick-up has al- 
ways been proportional, depending on 
extent of plating initially present. 


Stop one production run, start the 
next...in minutes without cleanup 
As you can see, BarR-O-SIL stabilizer 
provides an interesting new tool for 
plate-out control in barium-cadmium- 
stabilized stocks. Now it’s practical to 
run color after color in quick succession. 


stabilizer provides plate-out control 
without affecting proven (or new) sta- 
bilizations, without altering sensitive 
colorants, and without increasing yel- 
lowing or susceptibility to staining. 
BarR-O-SIL stabilizer has several ad- 
ditional desirable effects . . . adds heat 
stability ; sharply reduces hazing, crock- 
ing, spewing; controls migration of 
plasticizer. In calendered products, it 
imparts a very pleasing dry hand. 


Brochure for the asking 
Would you like the technical details? 
Use the coupon below to send for the 


calendering each sample, a cleanup com- Best of all, this unique supplementary Bar-O-SIL brochure. *Trademark 


The National Lead Company: Genero! Offices; 111 Broadway, New York 6, N. Y 
In Canada: Canadian Titanium Pigments Limited, 1401 McGill College Avenue, Montreal 


Gentlemen: Please mail me your BAR-O-SIL stabilizer brochure 
Name 


Firm 


BAR-O-SIL* Cy Ste 


(Stabilizer) 


A Chemical Development , Z. CS} 7 
AG ational Head ompany : 


General Offices: 111 Broadway, New York 6, N. Y. 
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A COMPLETE LINE OF VINYL STABILIZERS has 
been developed by Nopco’s Metasap Laboratories. 
Each one is designed for a specific phase of the 
fight against heat and light degradation of poly- 
vinyl chloride...during processing as well as for the 
life of the vinyl product. 


Metasap Vinyl Stabilizers are so broad in range of 
activity as to meet all individual needs—regardless 
of type of process, formulation or application. 


Metasap Vinyl Stabilizers will prove themselves an 
asset in your operations. Write today for complete 
information. 


Metasap Division 


° NOPCO 
CHEMICAL COMPANY 


60 Park Place, Newark, N.d. 


Vital Ingredients for Vital Industries 


Plants: Harrison, N.J. ¢ Cedartown, Ga. 


Richmond, Calif. e London, Canada 


yl 
~~ 
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f early Van Dorn machines have 


arger units 


thic 


Established in 1872, Van Dorn has steadily expanded 
its facilities and diversified over the years. Entering 
the plastic machinery field after World War II with 
the simple press shown above, Van Dorn now has an 
extensive line of ultra-modern, fully automatic plastic 
injection machines. 


Besides producing top quality presses, Van Dorn offers 
the plastic industry these plus benefits: 


PROMPT SPARE PARTS SERVICE 
Maintaining a complete inventory of spare parts, 
Van Dorn is geared to facilitate your needs by prompt 
attention and quick shipment. 


Write for Detailed Information on Van Dorn Presses. 


THE VAN DORN IRON WORKS CO. « 
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26865 EAST 79TH STREET >» 


Van Dorn’s progress 


fully automatic 4-€ Zz 


> 100 pounds plus 





DEMONSTRATION DEPARTMENT 
We maintain a complete battery of presses— Models 
H-400, H-300, and H-260 in our Cleveland factory, 
to show you exactly how Van Dorns will perform on 
your jobs. Without obligation, send us your mold for 
an actual free demonstration of the results you can 
obtain in your plant. 


PACKAGE SERVICE 
If desired, Van Dorn will assist in procuring a well 
designed mold from a competent moldmaker for your 
parts. Then Van Dorn will check the operation of the 
finished mold in our factory. There is no charge for 
this unique service. 


CLEVELAND 4, OHIO 
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Fishing Tackle Maker Gets a New Angle on Plastics 


Many manufacturers are now looking to Grex high density 
polyethylene for new products and new profits. One such 


company is B. F. Gladding Co., Inc., manufacturers of 


quality fishing lines since 1816. Gladding’s choice of the 
Grace plastic for a new line of tackle boxes marks a major 
innovation in the company’s products. 

To Gladding, high density polyethylene has proved to be 
a truly remarkable material. The Gladding Grex Tackle 
Boxes are tough and rigid—withstand the roughest treat- 
ment without breaking, shattering, cracking or denting. 
Drop one in the water, and it floats. Spill battery acid, oil, 
gasoline, bug repellenis or silicones on the box. Such 
chemicals—normally harmful to other materials—wipe 


clean from Grex without staining, softening or marring the 
finish. Changes in temperature or weather will not cause 
warpage. Salt water will not corrode. These new boxes will 
still look new even after seasons of rugged use. 

What more could a fisherman want? Or for that matter, 
what more could you want in a high grade plastic that can 
be economically fabricated to keep manufacturing costs 
down and profits up? Find out more about high density 
polyethylene by calling in the experts. Grace has the pro- 
duction facilities, technical service and experience to help 
put your product in the Grex profit parade. Everyone says 
we're easy to do business with. 


Grex is the trademark for W. R. Grace & Co.'s Polyolefins. 


w.re. GRACE «co.| 


POLYMER CHEMICALS DIVISION 


CLIFTON, NEW JERSEY 
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DO YOUR PART TO IMPROVE 
1960 ROSTER 


Every SPE member will shortly receive a 


brief postcard questionnaire so that we may 


obtain information required for an improved 


1960 Roster. 


To increase its value the Roster, when- 


ever possible, will include, for the first time, 





the position or title, company and its ad- 


dress, and home mailing address, if desired, 
of every SPE member. The Roster will be in- 
cluded in the August issue of the SPE 


Journal. 


Help your Society to improve its Roster 


by filling out and mailing immediately the 





return postcard. Your Roster listing can be 





no more accurate than the information you 


send us. Do it now! 





REMINDER 


Now is the time to submit papers for the 
17th International Annual Technical Con- 
ference. Abstracts can be submitted up to 
April 1, 1960, with complete manuscripts 
delivered on or before September 1, 1960 
(see page 158, February SPE Journal). Send 
Abstracts and papers to H. A. Perry, c/o 
Naval Ordnance Laboratory, White Oak, 
Silver Spring, Maryland 
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TECHNICAL 
CORNER 


Can high density polyethylene 
be used in existing molds? 


Of the seven molds used to produce 
Gladding’s tackle boxes, six were origi- 
nally built for a material other than high 
density polyethylene. Modifications 
were required in cooling and gating. 

Proper cooling. When designing molds 
for high density polyethylene a prime 
consideration is to obtain as small a 
temperature gradient as possible across 
the face of the mold. In this case, addi- 
tional channels were cut into the molds, 
flow of existing channels was changed 
and bubblers were put opposite each 
rate. These modifications served to bring 

he coldest water closest to the hottest 
naterial for more uniform cooling. 

Conversion to multi-gating. The molds 
as originally built utilized a single direct 
sprue gate. This system was changed to 
multi-gating by the use of a hot runner 
which provided better control over ma- 
terial temperature. With smaller sprues, 
the need for three-plate mold construc- 
tion was eliminated and valuable daylight 
was saved for easier removal of parts 

1s a general rule, proper cooling and 
gating of molds for high density poly- 
ethylene can pay off on four counts 
(1) control of warpage and shrinkage, 
(2) faster cycles, (3) reduction in induced 
stresses and strains, (4) greater uniform- 
ity in density of molded parts. 

Do we know all the answers ? We have 
the experience with high density poly- 
ethylene on our side—and are learning 
more every day. Grace has solved prob- 
lems involving all types of molding, 
from toys weighing a few ounces to 
pieces of three and four pounds. Our 
Clifton Laboratories are equipped to 
handle almost any molding job. We sin- 
cerely want to place our experience and 
facilities at your command. If you have 
an application for high density poly- 
ethylene, now’s the time to contact: 

~ Technical Service Department 

W. R. Grace & Co., Clifton, N.J. 
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THE MARK OF QUALITY 


In plastics... 


BARBER ‘s _ 
TT WHEELCO “extras 
pay off in 


Wheeleo outstanding performance 


Instruments 


Advanced engineering and outstanding 
manufacturing quality are combined in 
Wheelco instruments, whether the job 
calls for recording, controlling, or indi- 
cating. The complete Wheelco line of 
instruments, together with unmatched 
experience in every type of plastic in- 
dustry installation, is your assurance 


of satisfaction. 


Here’s how Wheeico will go to 


work for you: Field Engineering— A complete analysis of your needs by a broadly 


experienced Wheelco field engineer gets your job started right. 
Where required by special installation problems, additional backing 
is provided by specialists at Wheelco's home office. 

Training —Your instrument technicians and supervisors get complete Service Centers —Production-proved designs that give you Wheelco’s 


nation on latest design developments and mointenance pro- famous plug-in components keep maintenance needs to a minimum. 
gionally conducted training schools taught by Wheelco Where outside maintenance is required — fully equipped, completely 
staffed regional service centers cut overhaul time 


nfor 


Let your nearby Wheelco field engineer show you the simple way to headache-free instrumentation. 
Ask him for Bulletin F-6485, 'Capacitrols for the Plastics Industry." 


BARBER-COLMAN COMPANY 


Dept. C, 1575 Rock Street, Rockford, Illinois, U.S.A. 
BARBER-COLMAN of CANADA, Ltd., Dept. C, Toronto and Montreal, Canada 


Industrial Instruments * Automatic Controls * Aijr Distribution Products * Aircraft Controls * Electrical Components 
Small Motors * Overdoors and Operators * Molded Products * Metal Cutting Tools * Machine Tools * Textile Machinery 
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TRADEMARK 


offers outstanding resistance chem 


ig Versatile Escon | 1 abr ated 


1 wide variety of ways. For example, it « be injection 


FOR PACKAGING. Escon film can be produced by water FOR MOLDING. 


bath or chill roll technique with extreme clarity and gloss 


pie 
reater heat resistance than any other pol efin and car 
by heat or chemical means. In addition, Es 
i toughness. Escon clear film n be col 


both sides for extra eye an uy appeal 


























New 


beauty, utility and economy 


molded; extruded into film, sheet and shapes. It can also be Company, molders and designers are assured of high uniform 
drawn and vacuum formed, heat sealed, machined and printed juality whenever they specify Escon polypropylene. Versatile 
Because of the rigid manufacturing standards of the Enjay Escon can be tailor-made to meet a variety of product needs 


FOR EXTRUDING. Escon may be extruded in an almost FOR 


unlimited range of thicknesses and forms. Its excellent physical and 
chemical properties make it an ideal plastic for such operations as 


FIBERS AND MONOFILAMENTS. 


allows re yard fiber per pound. Its high sile strength 
good knot strength and resilience, plus its immunity to attack 
thermoforming, punching, machining, die cutting and welding. Surface 


moths and marine organisms make it ideal for ropes and 
details are accurately reproduced too. And pigmentation, before or woven fabrics. Escon fibers show excellent wet strength, wet flexing 
during extrusion, produces brightly colored sheet stock durability, and abrasion resistance maintained to minus 70°F 


by fungus 











. 











TRADEMARK 


OFFERS A UNIQUE COMBINATION OF OUTSTANDING PROPERTIES 


PROPERTY METHOD 


Various grades of Escon are offered to 


permit the processor to choose the 
density, 73°F., g./cc 0.897-0.910 ASTM D1505-57T 


grade best suited to his needs. Values melt index, @250°C.., g./10 min 1-10 ASTM 1238-57T 

: ’ (load, 2,160g.) 
for properties tabled at right will vary environmental stress cracking 

_ . (100% Igepal CD-630) none Bell Labs 
depending upon howthe sample is gumingrate ae ASTM D635 
, 7. machining qualities excellent 

formed and treated. Ask us for help on ant oidiiie, fafa 0.015-0.030 

0.01 D570-57T 
your specific requirements. oa ae, 6 


How Enjay helps you profit with Escon 


— Escon can help your product do a yield strength, psi, 2”/min 3800-5100 D638-58T 

: . . . tensile strength, psi, 2°/min 3500-4900 D638-58T 
better job. To assure this, Enjay offers yield elongation, %. 2”/min 13-18 D638-58T 
- . - ultimate elongation 2”/min 22-315 D638-58T 
you complete technical assistance from sauneet eeennits. 02.45.70 D256-54T 


s --? Izod notched 1 
one of the world’s best staffed and mae ne 16 
. . wit . hardness 
equipped technical service laboratories Rockwell R 80.90 0788-51 
re — é Shore D 70-75 D676-55 
Here Enjay scientists can help you de eamsnniin ot. Whale +94 pon Dé638.58T 
flexural modulus of elasticity, psi, 2” mir 111,000-176,000 D790-58T 
flexural modulus of rupture 
_ m fl | strength), psi, 0.05”"/min 
10 1e oO f (Tlexura g p 
ing ones through efficient use of Escon (no break-max. load 65,000-81,000 D790-58T 
ompressive yield stress, psi, 0.05" ‘mir 5,.300-6,400 D695-54 
lyoropylene ee eee oe 
polypropyrene compressive strain @yield 0.05” mir 15 D695-54 
compressive elastic modulus, psi, 0.05" min 53,000-63,000 M D695-54 
. ffness in flexure, psi 95,.000-150.000 D747-58T 
r mpl tech- * P 
To order Escon or for complete te modulus of elasticity, psi 100,000-128,000 D1043-51 


Taber abrasion, mg. loss 1000 cycles 


nical data, contact the Enjay office (CS.17 wheel, 10008. loed) — 


velop new products and improve exist 


nearest you. 


melting point, °F 335 polarizing 
microscope 
266-293 ASTM 1525-58T 


vicat softening point (1 kg.), °F 
ASTM D648-56 


deflection temperature 
F. @264 psi fiber stress 131 
F. @66 psi fiber stress 188 
coefficient of thermal conductivity 
cal. cm./cm.?/sec. ‘°C 2.80x10~* 
BTU /in./ft.2/hr./°F 1.13 
coefficient of linear thermal 
expansion in./in./°C 
specific heat @73°F., cal./g 0.46 


0.00020 696.44 


PLASTICS ELECTRICAL PROPERTIES 


ASTM D257-54T 


EXCITING NEW PRODUCTS volume resistivity, ohm-cm 6.5x10" 
dielectric strength, volts/mil 
, 660 ASTM D149-55T 


THROUGH PETRO-CHEMISTRY short-time 8 thickness oa 


step-by-step, 44° thickness 
dielectric constant, 10* cycles 2.0 
dissipation (power) factor, 10° cycles 0.0002-0.0003 


ASTM D150-54T 
STM D150-5 
ENJAY COMPANY, INC., serials iad 
West 5lst Street, New York 19, N. Y ¢ Akron 
Boston « Charlotte « Chicago « Detroit « Los Angeles 


New Orleans « Tulsa « Toront 














LOW-VISCOSITY 


UNOX 
DIEPOXIDES 





New diepoxides add easier handling and im- 
proved properties to epoxy resin formula- 
tions for encapsulation, laminating, tooling, 
adhesive bonding, and coatings. One of 
these epoxies, UNnox Epoxide 201, has a 
viscosity one-tenth that of conventional 
liquid epoxy resins. /f you are casting, this 
means virtual elimination of bubbles, 
higher filler loading, and freedom ol voids 
in intricate molds. Jf you are laminating, 
Epoxide 201 can give you better penetration 
or allow the use of more tightly woven cloth 
for higher strength. When using anhydrides, 
Epoxide 201 gives you faster cures. 
Heat and light resistance is improved because 
of Epoxide 201’s unique molecular con- 
figuration. Coatings show no change in 
color or gloss after long-term exposure to 
ultraviolet light. These coatings have ex- 
cellent metal adhesion in terms of impact 
strength. Unfilled castings hardened with 
low-cost phthalic anhydride have heat 
distortion temperatures over 450° Fahren- 
heit. A variety of catalysts and initiators 
can be used with Epoxide 201 to control 
cure speeds from days to minutes. 
Detailed information on Epoxide 201 and 
other diepoxides- vinyleyclohexene diox- 
ide, dipentene dioxide, and dicyclopenta- 
diene dioxide, can be obtained from a 
Carsive Technical Representative. Dicyclo- 
pentadiene dioxide is now available in com- 
mercial quantities, and Epoxide 201 will 
soon be available in tank cars from 
CARBIDE’s new diepoxide plant. 

For copies of two research reports, 
Resin Forming Reactions of Epoxide 201” 
and “High Temperature Epoxy Resins,” 
and a complete pac kage of technical infor- 
mation, write Dept. H, Union Carbide 
Chemicals Company, Division of Union 
Carbide Corporation, 30 East 42nd Street, 


New York 17, N. Y. 


UNION CARBIDE 
CHEMICALS COMPANY 


ei ited. 
fey Vi i-jie) = 









North Texas Section SOCIETY of PLASTICS ENGINEERS 


Announces Program for 


Regional Technical Conference 


“PLASTICS IN THE PETROLEUM AND 
CHEMICAL INDUSTRIES” 
Hotel Texas, Fort Worth, Texas, April 20, 1960 














Program Chairmen A. L. Barrier and R. B. Bender announce the following 


technical program: (two concurrent sessions for each time period ) 


PLASTICS COATINGS PLASTICS STRUCTURES 
R. B. Bender, Moderator A. L. Barrier, Moderator 


Surface Preparation for Metals - 8:50-9:35 A.M. -Fabricated Thermoplastic Structures 
Joe Rench Cook Conkling, Tech. Dir 
Napko Corporation Kaynor Industries 


Catalyzed Coatings in the Oil Industry 9:35-10:35 A.M. ‘Thermoplastic Piping 
Chet Jekot George Reed 
Desoto Chemical Coatings Co American Hard Rubber Co. 


Films for Coastal and - 10:35-11:35 A.M. »Corrosion Resistant Equipment 
Marine Atmospheres For the Chemical Industry 


James M. Brady John Nee 
Haveg Industries, Inc Briner Corporation 


Internal Coatings: 2:30-3:30 P.M. -Applications for High Density 
Polyethylenes 

O. E. Larsen 

Phillips Chemical Co 


(speaker’s name not available) 
Plastics Applicators, Inc 


“Parlon” in Chemical Resistant’ 3:30-4:25 P.M. ‘Reinforced Plastics in the 
Maintenance Coatings Chemical Industry 


C. R. Anderson Jim Fisher 
Hercules Powder Company American Cyanamid Co 











Luncheon speakers will be W. W. Keeler, Executive Vice-President, 
Phillips Petroleum Company, Bartlesville, Oklahoma, who will speak on 
“The Growth and Development of the Petroleum and 
Petrochemical Industry in the Southwest”, and Frank W. Reynolds, 
SPE First Vice-President, who will speak on “SPE’s Goal for 1960” 


Pre-registration $7.50. Registration at conference $9.00. Mr. Gene Hauszen 
of Hauszen Plastics Company, Conference 
Registration Chairman, urges all those planning to attend to immediately send their 
checks, payable to the North Texas Section Society of Plastics Engineers 


Registration fee includes luncheon and one copy of RETEC Preprint 


Send Registration Fee to: 


North Texas Section, Society of Plastics Engineers 
1026 South Adoms, Fort Worth 4, Texas 
EDison 6-8859 
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that holds Ti its activity: fenger.. 
MaT CATALYST T-9 





e This is a new, superior stannous catalyst 
with more uniform activity than stannous OTHER M&T FOAM CATALYSTS: 
octoate—and greatly improved stability Stawmous Ocroate 


through storage and use! M&T Catacysr T-12 
(dibutyitin dilaurate) 


e M&T CaTALYsT T-9 replaces stannous MAT Caratysr 7-8 
octoate to give superior performance (dibutyitin di-2-ethyihexoate) 
without “premium” or extra cost. 

OTHER M&T PRODUCTS FOR PLASTICS: 
e Field tests have shown that highly- THermouite® Organotin Viny! Stabilizers 
stable CATALYST T-9 gives Twermowure® Ba-Cd and Auxiliary Stabilizers 


MORE UNIFORM FOAM PERFORMANCE, Twermoquaro® Flame Retarders 
and therefore, 


MORE ECONOMICAL FOAM PRODUCTION! Sn Sb P |organometallics 


Si Ti Zr| and inorganics 











Send for a descriptive bulletin —or let a 
sample or trial shipment of M&T 


CATALYST T-9 prove the performance e 
difference in your urethane foams. Pare, ica a, 
METAL &£ THERMIT CORPORATION 


General Offices: Rahway, New Jersey 


Dept. J. 


SPE JOURNAL, MARCH, 1960 





... ADMEX 770 against other polymeric 
plasticizers—in these 4 significant tests! 


RUBBER MIGRATION 
Admex 770 


Neoprene 2 1.06 
GRS 2.0 1.22 


Polymeric X Polymeric Y 


VINYL-RUBBER CONTACT frequently solves many industry prob- 
lems. Admex 770 shows the highest resistance to migration into 
rubber products used for electrical cables, floor mats, shoe liners 
and rubber-based adhesives 


STYRENE CRAZE 


Comparative Admex770 Polymeric X Polymeric Y 
Retention 
of Tensile 
Strength 


REFRIGERATOR GASKETS compounded with Admex 770 show im- 
proved resistance to crazing and marring of polystyrene. Excel- 
lent blending and extrudability, plus low odor level, make this 
polymeric an ideal choice for high quality profiles. 


% Linseed, Soybean and Marine Oils, Synthetic and Notural Resins, Fatty 
Acids and Alcohols, Vinyl Plasticizers, Hydrogenated Glycerides, Sperm Oil, Foundry 
Binders, Bentonite, Industrial Cereal, Vegetable Proteins, Wheat Flour, Dehydrated Alfalfa, 
Livestock and Poultry Feeds. 
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Admex77 Polymeric X Polymeric Y 
200F (24 hrs.) 4.99 3.41 
140F (24 hrs.) 1.64 3.65 3.03 
Cycling 140F (3 hrs.) 1.27 2.79 2.11 


ADMEX 770 insures long-term flexibility in vinyl products sub- 
jected to soapy water contact, either by static or cycling exposure. 
I'ry Admex 770 in floor and wall covering, in supported and un- 
supported sheeting and plastisol or organosol applications. 


SOLVENT RESISTANCE 
Admex 770 Polymeric X Polymeric Y 
Gasoline 0.39 0.62 0.56 


DO YOUR upholstery, film and sheet specifications call for high 
solvent resistance? Admex 770 proves superior to many costlier 
polymerics in its resistance to extraction by fuel and cleaning 
type solvents. 


For data and samples, write today: 


farcher- 
Paniels- 
Miidland 
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Robert Doyle and D. E. Allison 


Phillips Chemical Company 


Designing Thermoforming 
Molds For 
Linear Polyethylene 








RIBS TO REINFORCE FLAT SECTION ‘ NO. 76 DRILL, I” CENTERS 


_ a he 
(APPROXIMATELY > * +) ~ 
CAST ALUMINUM 


3° NO. 786 ORILL, !* CENTERS 
B STAINLESS STEEL TUBING 
FOR COOLING CHANNELS 
WATER OUT 


WATER IN 
HAROWOOD FRAME 
WATER* 
Figure 1. Female Suitcase Mold With Cast-in Stainless Steel Tubing 
Surface Texturing Not Indicated 


N 


4 ORILL. PLUG ANC 
WELD SHUT. (5 
PLACES WATER 
CHANNEL 


WATER IN 
WATER OUT 
HARDWOOD FRAME 


NO 75 DRILL ON CENTERS» 


3 ORILL, PLUG AND WELD SHUT ENTERS 


Figure 2. Male Light Diffuser Panel Mold with Drilled Channels 
Milled Channels Might Also Be Used 


NO. 75 DRILL ON 3 
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istorically, plastics technology 
H has raced ahead at an ever 

faster pace. New resins have 
appeared with better properties and 
new processing techniques have arisen 
to compete with the old. The new 
resins have been extruded into some 
excellent sheet—but has sheet form- 
ing technology kept apace with the 
rapid advances in available materials? 
As always, the newer materials seem 
more demanding at first but, at the 
same time, they offer previously unat- 
tainable properties. 

Linear polyethylene is an excellent 
example of this situation. Linear poly- 
ethylene provides the unique combi- 
nation of low sheet cost, rigidity, 
toughness down to 180°F, 
ability to withstand steam sterilization 
conditions up to 250°F, and a high 
degree of chemical resistance 


minus 


Materials of Construction 


Linear polyethylene also has a sharp 
peak in its specific heat curve at 
about 270°F (Ref. 1), where it melts 
or crystallizes. Hence, it is apparent 
that a large amount of heat must be 
transferred in this region during any 
thermoforming operation. To do so 
rapidly and effectively, 
molds should be used. Furthermore, 
the relatively high forming tempera- 
ture (around 350°F) dictates against 
the use of molds made of wood on 
plaster or other insulating-type mate 


aluminum 


rials. 


This article adapted from a 
paper presented at the 16th ANTEC 
—Chicago—January, 1960. 





ALUMINUM CONSTRUCTION 


NSERT FIT OF 
THE TWO PARTS 


NO 
/ 














MANORE 
WATER HANNEL 


HARDWOOD FRAME 


Mold Channeling 


The mold must be properly cored 
or channeled to permit accurate tem- 
perature control. The temperature of 
the mold not only affects the surface 
appearance and any warpage of the 
parts but also the shrinkage and hence 
the dimensional reproducibility of the 
final items. A change in the mold tem- 
perature will change the part dimen- 
sions by about 0.00009 inch/inch/ °F 
In other words, a 25°F. variation in 
the mold would alter the length of a 
30” suitcase by more than 1/16”. In 
addition, an excessively hot mold will 
cause the part to adhere to the metal 
and will lengthen the cycle unneces- 
sarily while a cold mold will produce 
mark-off and undue thinning. To pro 
vide uniform control to all 
the channels should be located along 
any edges or important ridges and 
should follow the contours of the mold 
as much as possible. In flat areas, they 
may be spaced 3” to 4” apart. To 
avoid localized hot or cold spots, all 
channeling should be at least %” from 
the mold surface 

The channels may be incorporated 
into the mold in many different ways 
They consist of stainless steel 
tubing into the aluminum as 
shown in Figure 1. Copper tubing is 


areas, 


may 


cast 


not recommended since it may col 


lapse during casting. For adequate 
circulation, the tubing should be %” on 
‘” O.D in small or 
and %” O.D. in large molds 


channels, %” to %” 


moderate size 
mold: 
Drilled 
eter, which have been plugged off at 
the ends and welded to complete 
the system, are illustrated in Figure 
drilled milled 


in diam 


2. Insteaad of holes, 
channels, %” to %” 


With 


wide, may also 


be used milled channels, of 
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5 CENTERS 


Figure 3. Ma- 
chined Helix on 
Insert for Deep 
Draw Male Mold. 
In Larger Molds, 
Helix Could be 
Built Up with 
Tack-Welded 
Rod 


— RIB OR HELIX 


75 DRILL ON 


VACUUM CHANNEL 


WATER IN 


WATER OuT 


course, a cover plate must be added 
to prevent water flow between the 
As a different approach, 
cooling mandrel inserts may be em- 
ployed for deep-draw male 
The helical channels for these inserts 
may be machined as shown in Figure 
3-or built up with tack welded rod. 
The water flow in this type of mold 
is upward inside the mandrel and 
downward between the mandrel and 


channels 


molds 





Vacuum Holes for 
Forming Linear 
Polyethylene 
For the mold prope r—#75—S80 

drill size (0.021 to 0.0135” 


For the moat—#65—76 
size (0.035 to 0.020” 


drill 











Figure 4. Bubbler- 
type Cooling for 
One of Several 
Small Molds to 
Be Mounted on 
Common Base 
Plate, with 5 
Bubblers Per 
Mold 


the shell of the mold. One of our re- 
cent molds was built around the bub- 
bler type of hook-up shown in Figure 
4. This type of hook-up is excellent for 
multiple molds although it will involve 
a considerable number of copper tub- 
ing connections between the individ- 
ual molds. 

In all cases, of course, the channels 
are tied together, with one “In” and 
one “Out” line brought through the 
side of the mold base for copper tub 
ing connections. To these, we connect 
a good commercial mold temperature 
control unit capable of controlling ac- 
curately up to 225°F and with a rated 
capacity of 10 to 15 gallons per min 
ute. The important factor is to pro 
vide plenty of water flowing through 
all zones of the mold. 


Exterior Contouring 


We cut a “moat” into all molds 
This consists of a shallow groove, with 
a rectangular cross-section, running all 
around the part form just at or out 
side the trim line. The purpose is to 
insure a good vacuum seal between 
the hot sheet and the mold. The size 
of the moat depends on the thickness 
of the sheet to be used. A minimum 
size is probably about %” wide by 
1/16” deep for sheet up to 60 mils 
(0.060”) thick. For heavier sheet, the 
moat depth should at least equal the 
unformed sheet thickness while the 
width should be about three times 
this thickness. Figure 5 clearly illus 
trates one advantage of a moat. The 
part at the left was formed before the 
moat was added. The part at the right 
shows how the lip straightened out 
after 
mold. 

To avoid excessive thinning, pos 
sible stress concentrations, and warp 


a moat was cut into the same 


5 HOLES TO BE 
DRILLED AN 
TAPPED TO ACCEPT 
COOLING SYSTEM 


. al 
HOLES 7 <‘% a’ 


€ac ' | 


NO. 60 
2R 
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Figure 5. With (right) and With- 
out (left) a Moat in the Same 
Mold 


age, there should be no sharp breaks 
in the mold contours. Corner and edge 
radii should never be less than the 
thickness of the sheet, even in very 
Generally, the 
radii should be at least four times the 
sheet thickness 

The sides of the mold should be 


shallow draw areas 


tapered to facilitate removal of the 
parts and to provide more uniform 
side walls. For male molds, a 5° taper 
is a minimum. With female molds, it 
1S possible to go down to a 2 taper 
in the shallower items since the mate 
rial will shrink away from the mold, 
anyway 

In conventional drape forming, a 
draw ratio (depth to minimum width 
of the part) exceeding about 1:1 may 
result in excessive thinning but plug 
or air-assist techniques will permit the 


We pl in 


techniques in a 


use of higher draw ratios 
on discussing these 
subsequent article 

The primary consideration with 
multiple molds is the problem of 
“webbing” if the forms are too clos« 
together. A space between the forms 
equal to the height of the forms will 
avoid this difficulty with male molds 
However, this distance can be re 
duced by the use of ring-assists or 
other devices to force the sheet into 


the low areas without folding against 


Figure 6. Male and Female Parts 
Made on Multiple Mold for Ac- 
curate Fit 
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itself, i.e., webbing. Figure 6 is an 
example of where both male and fe 
male forms are involved in the same 
mold. In this case, 


to 2/3 the maximum form height was 


a spacing equal 


entirely adequate 

Ribbing is often employed to add 
structural strength or rigidity to an 
item and, at the same time, it may be 
used to enhance the appearance. The 
added _ rigidity 
thinner sheet, 
economies. The items in Figure 7 il 
lustrate what may be done. The two 


permits the use of 
resulting in obvious 


flower pots at the right are good ex 
amples of how ribbing may be used 
for both rigidity and decorative ef 
fects. The leaf or petal pattern of the 
larger flower pot was obtained with a 
cast mold while the swirl effect in 
the smaller one was accomplished di 
rectly by machining the mold out of 
Thus 


while ribbing might be considered 


wrought aluminum rod _ stock 


more a question of part design, it 
may actually determine just how the 


mold itself should be built 


Surface Finish 
The finish on the 


another vitally 


mold surface is 
important factor to 
consider. With very smooth surfaces 
the formed parts will adhere to the 
mold Even worse au becomes en- 
trapped between the hot sheet and 
the mold surface during forming. To 
allow for complete evacuation of the 
air during the vacuum portion of the 
cycle, the entire surface of the mold 


should be grit-blasted with #30 grit 


Male VS. Female Molds 

Before designing a thermoforming 
mold, it must first be decided whether 
to build a male or a female mold. With 
linear polyethylene, this decision usu- 
ally rests on what type of surface fin 
ish is desired since the glossy surface 
will be on the side away from the 
mold. This and other factors to be 
considered may be summarized as 
follows: 


Figure 7. 
Examples of 

the Many 
Different Ways 
in Which Ribbing 
May Be 
Incorporated 

Into the 

Part Design 





Male Molds (drape forming 
Parts will have 
terior surtace 

hickest wall sect 
t the bottom of th 
dimensio1 
lled more 
inning in 
1S¢ embo Set 


red exterior 


Female Molds (drape forming) 


top edge 
limensi 


m 











Shrinkage 


Using the type of mold we have 
been discussing, controlled between 
160°F and 240°F, and subjecting the 
finished items to the severest condi- 
tions, we have been unable to push 
the shrinkage up past 3%%. Actually, 
extensive experience has demonstrated 
that, with a properly designed mold 
and correct operating conditions, 2%% 
0.025 inch/inch) shrinkage is a very 
figure for 


satisfactory and useable 


most items. 
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NRM FILM CASTING UNIT 


... for operation at speeds up to 500 fpm 


Based on an extensive survey of the industry’s needs, 
NRM'’s new unit is designed for high speed, efficient 
casting of 0.0005 to 0.010 in. conventional or linear 
polyethylene, polypropylene or nylon film. Suitable for 
installation of a built-in electronic treating device, 

the machine can produce high-clarity film, ready to print 
without reprocessing. 


Rolls are spiral baffle liquid-chilled, chrome plated and 
highly polished for production of blemish-free film. 
Dynamic balancing of all rolls assures vibration-free, 
true running at highest processing speeds. And, all 
idler rolls are drilled for optional liquid cooling. 


Controls are self-contained, located on the turret end 
and one side of the machine, within easy reach of the 


NRM’s film casting unit is offered for production operator. The unit is low and accessible to facilitate 
of standard film widths from 36 to 72 in. — wider thread-up . . . height is adjustable to permit its use 
upon request. Features include turret-type wind-up with various extruders 
with constant tension wind-up control, automatic , y vi 


het knife =" off ond pare — — pws Find out how this new unit can improve the quality and quantity 
slitting and an integral trim collector ducted for % % E , 
of your cast film production. Call, wire or write NRM today for 


connection to collector or granulator. The unit can 
be track or floor mounted. application engineering recommendations. 
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Extruder Instrumentation 


Rapid Response Recording of Extrudate 


Temperature and Pressure: Typical 


he measurement of the melt 
fs temperature and pressure in the 
head of the thermoplastics ex- 
truder has developed from a labora- 
tory curiosity to a common commer- 
cial practice within the last five years. 
Shielded melt thermocouples and 
grease filled Bourdon pressure gauges 
1) have proven their worth both in 
commercial applications and in provid- 
ing the information necessary to verify 
the engineering analysis of the opera 
tion of melt extruders. However, the 
demand for higher quality extruded 


Use in Evaluating Extruder Performance 


ses of extruder operation have shown 
that these instruments are no longer 
able to describe the quality of the 
melt adequately. Therefore, strain 
gauge pressure transducers and un- 
shielded 
combined with 
corders (2) to provide more precise 


thermocouples have been 


rapid response re- 
measurements of pressure variations 
of one psi and temperature variations 
of less than one degree Fahrenheit in 
less than a second 

These instruments are providing us 
with quantitative information con- 
cerning the effects of extruder design 


quality of the extrudate. However, we 
feel that the instruments are suffi- 
ciently well warrant 
consideration of their use in commer- 
cial extrusion operations. In today’s 
more discerning and competitive mar- 
ket, the fabricator must supply a uni- 
formly high quality product and he 
must produce it at high rates to ob- 
tain a reasonable profit. Since higher 


developed to 


rates of extrusion often cause a deteri- 
oration of product quality, the engi 
neer or operator is faced with the 
problem of adjusting the extruder 
operating conditions for a best com- 


products and the development of 


more sophisticated theoretical analy and operating variables upon the promise of adequate quality with 





Figure 1. 
Baldwin 

SR-4 Pressure 
Transducer 
(b). Adapter 





COMPLETE ASSEMBLY 


ELECTRICAL 
CONNECTOR 
WATER JACKET 


jo ae a 
INCHES 


Figure 2. ‘‘Dynisco’’ Gauge. 


This article adapted from a paper presented at the 16th ANTEC—Chicago—January, 1960 
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maximum output Che fast response 


recording of melt temperature and 


pressure allows the engineer to opt 
mize his variables more quickly and 


to maintain his quality more easily 


Pressure Measurements 
There are two types of rapid re 
sponse pressure transducers comme! 


Both of them use a 
to convert the applied 


cially ay tilable 
strain gauge 
pressure into an_ electrical signal 
which is umplified and recorded. Be 
cause of the temperature sensitivity 
ind upper temperature limit of th 
strain gauge sensing elements they 
cannot be placed in close contact with 
the melt stream. Re moving them from 
ontact with the melt stream means 


iat the pressure must be transmitted 


the sensing element by using a 
mechanical or hydraulic coupling sys 
tem. Both types of systems are av iil 
ible and as far as sensitivity response 
ind precision are concerned we have 
not been abl 
difference between them 

A hydraulic 
m the melt stream to the 


to determine any real 


coupling to transmit 
pressure fre 
pressure sensing strain gauge is used 
n the instruments that have been 
tilable for several vears. This type 
represented by the Baldwin SR-4 
gauge shown in Figure 1. It has 


excellent precision and speed of re- 


PRODEX 


HENSCHEL 


MIXERS 


Figure 3. 
Unshielded 
Thermocouple 


sponse. However, the use of the sili- 
cone grease coupling causes the same 
difficulties of contamination, hold-up, 
and possible plugging that have been 
a problem in the use of the grease- 
filled Bourdon gauges 

The new gauges, represented by 
the “Dynisco” gauge (4) shown in 
Figure 2, use a mechanical linkage to 
transmit the pressure from the melt 
to the pressure sensing strain gauge. 
At the tip of the fitting there is a 
metal diaphragm which is in contact 
with the melt 
this diaphragm is transmitted by a 
metal rod to the sensing element at 


Pressure applied to 


the rear of the gauge. The use of the 
diaphragm eliminates the problems of 
oi! contamination, hold-up, and plug 
ging. However, placing the dia 
phragm in this exposed position 
means that greater care must be ex- 
ercised in handling and installing this 
gauge. The diaphragm can be dam 


aged by impact, over-pressuring, or 
cleaning the tip with a metal tool. 
Installing the gauge with too much 
torque also can deform the diaphragm 
and give a false zero pressure reading 


Temperature 


The conventional shielded melt 
thermocouple has a metal shield pro 
tecting the junction 
from mechanical abuse. In addition, 
this shield also protects the thermo 
couple from the rapid changes in 
temperature because the metal shield 
acts as a heat sink. Exposing the 
thermocouple junction directly to the 
melt stream and insulating it from the 
protective metal sheath results in a 
detector which has much faster and 


thermocouple 


more precise response. The design of 


such an exposed thermocouple _ is 
shown in Figure 3. A comparison of 


the difference between the response 


DIFFICULT MIXING AND DISPERSION 
PROBLEMS ARE SOLVED WITH THE 


PRODEX HENSCHEL MIXER 


The PRODEX-HENSCHEL MIXER, successfully used in 
many installations here and abroad, performs inten- 
sive dryblending and thorough dispersion of colors, 
pigments, fillers, stabilizers and/or plasticizers with 
plastics powders or granules. 

lt permits, if desired, the mechanical (frictional) 
heat-up of plastics powders faster and more uniformly 
than by conduction or radiation. 

The unique principle of fluidizing dry powders so 
that they can be mixed like liquids, plus controlled 
shearing action, result in mixing quality and speeds 
heretofore not obtained. 


ARRANGE FOR A DEMONSTRATION 
Investigate how it can increase the efficiency 
of your process. 


Write for illustrated bulletin M-1. 


PRODEX CORPORATION - FORDS, NEW JERSEY > Phone: HILLCREST 2-2800 
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NONPOROUS 
extrusions from 

- POWDER BLENDS 
or granules 


...a PRODEX 
SPECIALTY 


@ The versatile PRODEX EXTRUDER can be used either as a 
conventional (single stage) extruder or as a two-stage extruder 


with a venting zone. 


@ When used as a two-stage extruder with venting zone, it com- 


pletely removes moisture, air and volatiles from the polymer 


without predrying. The two-stage extruder also does an excellent 
job when extruding powder blend directly. 

@ Rigid and flexible PVC, hi-impact styrene, ABS polymers, cel- 
lulosics, nylons and polyolefins...all are extruded better and 
without predrying by the powerful PRODEX...and at production 
rates that make PRODEX EXTRUDERS the lowest-priced machines 


Complete PRODEX EXTRUSION SYSTEMS are available available because they produce more pounds per hour per 


for sheet, roll cast film, pipe, wire and cable, compound- invested dollar. 


ing. PRODEX EXTRUDERS are available in sizes ranging @ See PRODEX EXTRUDERS perform with your materiel le cur 


from 134” through 8” with L/D ratios of 20: 1, 24: 1 and 
longer...with or without venting customer service laboratory. Write or phone for an appointment. 


Write for illustrated bulletin E-6. 





—in design —) 


PRODE X CORPORATION ‘ performance 


EAR AHEAD 
FORDS, NEW JERSEY ~- Phone: HILLCREST 2-2800 ALWAYS A YEA 


IN CANADA: Barnett J. Danson & Associates, Ltd., 1912 Avenue Road, Toronto 12 
Licencee for European Common Market and Austria... HENSCHEL-WERKE GMBH KASSEL, W. GERMANY 
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Figure 4. M 


taneou with 


nd with 


; 


of a availabk ) 


shielded and an unshielded thermo 
The un 


Commer ially 


couple is shown in Figure 4. 
shielded thermocouple indicates tem 
perature variations at least three times 
is large as those indicated by the 
conventional shielded thermocoupl 
C[hermistors are a much more sensi 
tive tempe! ture detector than ther 
ocoupl s and we have used them in 
our research laboratory to study melt 
temperature fluctuations. However, in 
their present state ot development 
they are not rugged enough to recom 
mend their use in anything but 
limited research work. In most of our 
extruder studies we have adopt 1 the 
unshielded the rmocouple as a practi 
cal compromise. Its response time is 
significantly improved over the cor 
ventional thermocouplk ind it ap 
pears adequate for characterizing the 
melt uniformity, vet it does not re 
careful handling and f 


fre 
juent re pl cement of present thermis 


quire the 


location of the thermocouple 
idapter is also important when 


LN 


Figure 6. Extruder Instrumentation 


70 


DYNISCO GAUGE OR 





Measured simul 
uple (upper curve 


uple lower curve 


Adapter Wa 


Figure 5. Temperature Fluctuation Profile in Ex 


truder Adapter 


determining the 
melt temperature. The effect of posi 
tion is shown in Figure 5, where the 
magnitude of the fluctuations is 
plotted against the position of the 
thermocouple within th adapter. As 
a result we see that approximately 
between the wall and the 


center of the adapter is the location 


halfway 


of the maximum te mperature fluctua 
tions in the melt stream. It is interest 
ing to note that this area of maximum 
temperature fluctuations corresponds to 
the area of poorest mixing, as pre- 
dicted by the theory of mixing in 
laminar systems (6 


Amplifying and Recording 
Equipment 
Many 


amplifying and 


systems are available for 


recording electrical 
signals from thermocouple and strain 
At the Sales Service Labora 


Sanb« rm 


gauges 
tory the ust ot equip 
ment has proven highly satisfactory 
from the standpoint of accuracy, r 
At the time 


this equipment was purchased the 


sponse and convenience 


| 


THERMOCOUPLE 
{ 


~—= 


SR-4 CELL 
a baa center) pressure 
hei 


uniformity of the 


selection was fairly limited, but for 
our future purchases we are now in 
the process of re-examining a wide 
selection of both portable and panel 
mounted equipment which is availa 
ble today. 

The system used at our Laboratory 


} 


is shown in Figure 6. The thermo 


couple and strain 


are both mounted in the 


gauge pressure 
transducer 
adapter section. The thermocouple is 
electrically 
low level preamplifier and then to 
one channel of the two channel r 


connected to a Sanborn 


corder. The pressure transducer is 
connected to a Sanborn carrier pre 
amplifier and then to the other chan 
nel of the recorder. Not shown is a 
connection for marking screw revolu 
tions. A microswitch actuated by 
rotation of the drive shaft is used to 
record the screw revolutions with the 
timing pen of the recorder 

A characteristic chart 
showing the simultaneous records of 
temperature, pressure and screw revo 
lutions is shown in Figure 7. This 
simultaneous recording has a real ad 


record I 


Figure 7. Typical Recording of Temperature and Pressure 
Fluctuations with a two pen Sanborn Recorder. (top) temperature 
bottom) screw revolution 
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Figure 8. Effect of Throughput on Temperature and 


Pressure Uniformity 


vantage in that correlations between 
the screw speed, pressure, and tem 
perature fluctuations are easily estab- 
lished from a visual inspection of the 
record and do not require elaborate 


cross-referencing. 


Examples of Applications 

The instruments described above 
have an obvious place in research ef 
forts devoted to understanding ex- 
truder operation and improving the 
design For example, pressure can be 
measured at various points along the 
length of the barrel to examine the 
effects of varying conditions or de- 
signs on performance of the feed, 
transition or metering sections. These 
efforts lead to a better understanding 
of the entire plasticating extruder, 
but because of the many possible 
variations in screw design, operating 
variables and resins, it will take a 
considerable time before the optimum 
extruder operating conditions can be 
calculated, if indeed they ever can 
be completely calculated. In the 
meantime, instruments have real 
value in the empirical determination 
of optimum conditions. 

Quality vs. Rate of Extrusion—The 
rate of extrusion has a very marked 
effect upon the quality of extrudate. 
An example of the manner in which 
the uniformity of temperature and 
pressure varies with output rate is 
shown in Figure 8 for the flat film ex- 
trusion of “Alathon”® 14 polyethylene 
resin with a two inch extruder, having 
a length to diameter ratio of 16 and a 
rapid transition metering type screw. 
It shows that the uniformity of the 
melt deteriorates rather rapidly at the 
higher rates of output. However, the 
relative magnitudes of the deteriora- 
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Figure 9. Correlation Between Pressure Fluctuations 


and Output Fluctuations 


tion of temperature ind pressure unl 


tormity do not always correspond 
with the values shown in this exam 
ple. For example, the extruders with 
longer length to diameter ratios gen- 
erally provide a more uniform melt 
temperature, but can have considera 
ble pressure variations. 
These measurements of tempera 
ture and pressure uniformity are very 
interesting, but to be useful they must 
be correlated with product quality. In 
the case of flat film extrusion, the 
point at which film is no longer ac 
ceptable is somewhat arbitrary. How 
ever, in blown film extrusion a wrin 
kled roll is not acce ptable, so we have 
selected this criterion to demonstrate 
the effect of uniformity 
upon product acceptability 
9, the pressur 


variations 
In Figure 
fluctuations in the 
adapter of the extruder are compared 
with the weight per foot of blown 
film produced at the point 
wrinkling could not be corrected by 
adjusting the take-off system. There 
is an obvious one-to-one correlation 


where 


between pressure and output in this 
case. In a number of tests we have 
found that wrinkling problems _be- 
come serious when the pressure fluc 
tuation reaches a level of 3.5 to 4 per- 
cent of the total pressure. When we 
have 
know that for our particular system 


wrinkling problems now we 


we must improve the quality of the 
extrudate if these higher 
fluctuations are observed, while im 
proper alignment of the take-off, cir 
cumferential caliper variation or other 
effects are probably causing the wrin- 
kling if smaller pressure variations are 
observed. 


pressure 


It is interesting to note that the 
output variations are nearly twice the 


percentage of the pressure fluctua- 
tions. The non-Newtonian flow be 
havior of the polyethylene is responsi- 
ble for this effect. Although the value 
of percentage fluctuation will vary for 
different thermoplastic resins and dif 
ferent operating conditions, the out- 
put fluctuations will always be greater 


than those of pressure if the variation 


in pressure is responsible for the fluc 
tuations. 

Extruder Temperature Profile—The 
fact that barrel temperature profile 
can have a very marked effect upon 
the extrudate quality has been known 
for some time. When the pressure 
variation arises from fluctuations in 
the feed section an increase in reat 
barrel temperature generally reduces 
these fluctuations. A rather dramatic 
case is shown in Figure 10 for the ex- 
trusion of an experimental “Zytel’® 
nylon resin. In the upper example the 
extrudate was bubbly and could not 
be made into acceptable film, while 
in the lower example an excellent film 
was produced. This improvement oc- 
curs over a relatively small change in 
extruder temperature profile, which 
results in essentially the same melt 
temperature. 

The above example is a dramatic 
change which was so apparent in the 
quality of the film produced that the 
record served only to verify the cause 
of the problem. However, the effect 
is much more subtle in many extru 
sion operations, such as blown film, 
which requires a low stock tempera- 
ture. In such cases a very high rear 
barrel temperature causes the melt 
temperature to rise so high that con- 
trol of the bubble and film toughness 
mav be lost. In this case the instru- 
ments are very valuable to search out 
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ley 


outs 


4 


f Extruder Te 
Extrusion f 
wch Extruder 
480, 480, 470 (b 
F, 550, 520, 470, 470 


th 


optimum conditions with a mini 


mum tr time ind expense 
Metering Zone 
The ce pth ot the 


metering 


Channel Depth 
channel in the 
zone of a metering 
screw 1S deter 
temperature uniformity of 
the output The effect is shown in 
Figure 11 for three different 

ype rating in the same 2 inch machine 


Alathon”® 14 polyethy 


From a comparison of the 


extremely critical in 


nining the 
screws 


extruding 
lene resin 
extrudate quality produced by these 
that the opt 


has the shallowest mete 


screws it Is apparent 


mum screw 
ing section which is compatible with 
the type of resin, output, and temper 
iture of extrudate required 

rhe gradu il] taper screw has much 
to dee pa channel, h, and in commer 
cial operation the extrudate uniform 
ity obtained from such screws is often 


This 


viscous 


improved by cooling the screw 
cooling forms either a more 
or a solid layer of resin on the screw 
ind results in an improvement in ex 
trudate quality by reducing the effec 
tive channel depth. When excessive 
temperature fluctuations are caused 
by too great a channel depth in the 
metering section, an improvement 1s 
btained by increasing the back pres 
sure to cause more intensive mixing in 
the extruder. In limited tests the uss 
of heavier screen packs has generally 
provided only slight improvement in 
The use of 


temperature uniformity 


much higher back pressure by valving 
loes significantly improve the uni 
formity, but in our tests it has not 
. properly designed screw 

Outside the 
recording of tempera 
detect effects 


within the 


equaled 

Effects 
rapid response 
ture ind pressure 


whicl do not 


Extruder—Th« 


originate 


mperature 

Experimental 
Extruder 

Extruder 


type 


Pres 


Profile on 
Zytel’“® Nylon 





Profile Rear 
Profile 


Barrel 
Barrel 


Figure 11. Effect 
date Quality Resin 
2 in., L/D 
h 0.339 to 
screw, h 0.101 
h 0.076 in 
barrel of the extrude 


sent a 


This may pre 
problem of assigning the 
of difficulty 


we have found it to be 


source in some cases, but 
in added ad 
vantage of using this system 

One of 
of the observation of external effects 
was found in the coating of polyethyl 


the most interesting cases 


ene on wire with a pressure die. The 


drag flow contribution by the wire 
passing through the die has a con 
siderable effect on the pressure in the 
wire 


die. Therefore, variations in 


speed or wire vibrations are recorded 
by the pressure gauge. Capstan slip 
source of difficulty that 
detected this system 


We have observed both an occasional 


page Is one 


is easily with 
erratic slippage and a fairly uniform 
slippage while coating thin conduc 
tors at high speeds. At these high 
speeds the presence of slippage is dif 
ficult to determine with normal oper 
ating equipment, but appears very 
obviously in an inspection of the pres 
sure recording. Wire vibrations origi 
nating in the pay off, preheat, and 
wind up sections have also been ob 
served, and we have used the sensi 
tive detecting system to monitor cor 
rective measures for eliminating the 
wire vibration in our wire coating 
lines 

The recording of pressure is also 
useful in detecting an empty hopper 
This is rather trivial in the case where 
the operator could have seen this by 
looking than 


watching _ the recording 


at the hopper rather 


pre ssure 


16. Screws: (a 
0.189 in. (b 
in. (ec 


f Screw Design and Output Rate on Extru 
Alathon’’@® 
deep flighted fully tapered screw 
type 


crew 


14 polyethylene resin. Extruder 


rapid transition metering 
rapid transition metering type 


However, in the case of a completely 
enclosed hopper loader system the 
pressure recording has been used to 
detect short cycles in the hopper 
loader. 
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PLASTIGIZERS FROM GELANESE 


LINDOL: 
CELLUFLEX 179A: 


CELLUFLEX 179: 


CELLUFLEX 17SEG: 


CELLUPHOS 4: 


CELLUFLEX TPP: 


CELLUFLEX 112: 


CELLUFLEX CEF: 
CELLUFLEX FR-2: 


CELLUFLEX 23: 


CHEMICALS 


Tricresyl phosphate, lou color. Low volatility. good resistance to 
extraction by oils, superior color. Standard for vinyls and cellulosies. 


Tricresyl phosphate, lou specific gravity. Lowest ortho content 


commercially available. 


Tricresyl phosphate, general purpose grade. Excellent solvent powel and 
flame retardance. Low volatility. For coatings and films demanding 


toughness and flame resistance. 


Tricresyl phosphate, electrical grade. To make plastic insulations. 
Offers flame resistance, outstanding electrical properties, low weight 


per unit volume. 


ributyl phosphate. Plasticizer for resins and rubbers. Foam 


depressant. Selective solvent. 


Triphenyl phosphate. Excellent fire resistance, good flexibility. Produce 
clear, tough compositions. Widely used for cellulose acetate. 


Cresyl diphenyl phosphate. High degree of flame resistance in viny! 


formulations. Improved low temperature and light exposure properties. 


Tris beta-chloroethyl phosphate. Exceptional flame retardance. 
Tris dichloropropyl phosphate. Exceptional flame retardance. Effective 


with wide variety of resins, both thermoplastic and thermosetting. 


{lkyl epoxystearate. Economical low-temperature plasticizer and 


stabilizer for polyvinyl! chloride and other polymers. Very low volatility. 


A thought to keep in mind--Celanese’ shipment policies permit quick action 
to meet tight schedules. We ship from convenient points throughout the 
United States. We'll be glad to provide you with specifications on any ol 


these plasticizers. For more information, write to: Celanese Chemical 
Company, a Division of Celanese Corporation of America, Dept. 569-C, 
180 Madison Avenue, New York 16, N. Y. 


Celanese Lindol Celluflex Celluphos 


Canadian Affiliate 
Export Sales: Amcel 





\ ()W| A FAST, ECONOMICAL METHOD 
s FOR MAKING MASTER MODELS 


2 


... developed by Kish Industries using 


RCI EPOXY RESINS 


@ Master models are made faster and better using this Kish No. 44 Resin Compound (formulated with 
new Kish process* made possible by a completely different RCI Eporurs) and after the compound cures the 
type of epoxy formulation — based on RCI Epotur epoxy rough model is shaped and finish-surfaced using 
resins. standard woodworking techniques. 


Here, briefly, is how the Kish system works: (4) The finished model is grain-free, dimensionally sta- 


ble, and unaffected by moisture and weather. It will 


(1) Starting with the draft or styling print, templates : : 
not chip or deteriorate with age and can be altered 


are cut from pre-cast KiPlaBoard (fully-cured epoxy : wi 4 
E — simply by bonding additional Epotuf-based material 


board made in varying thicknesses). 
on the model. 
9 Thece > ¢ S y } ae » 2”? -— « re. ° . . . 
\4) : hese templates s eR —- re CEE cret This remarkable Kish innovation is just one of a con- 
ay “ - é s y ) ° . . » ¢ 
raving the general shape of the mode stantly growing number of jobs done more efficiently and 


(3) The open areas of the “egg crate” are filled with economically with versatile RCI EpotuF epoxy resins. 
*Complete information on the Kish System is available from Kish Industries, Inc., 1301 Turner Street, Lansing 6, Michigan. 
Creative Chemistry R 
... Your Partner in Progress } 
— REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N.Y. 


Synthetic Resins * Chemica! Colors « Industrial Adhesives * Phenol + Hydrochloric Acid * Formaldehyde * Phthalic Anhydride * Maleic Anhydride 
Ortho-Phenyiphenol * Sodium Sulfite * Pentaerythritol * Pentachloropheno! * Sodium Pentachlorophenate « Sulfuric Acid * Methanol 


SPE JOURNAL, MARCH, 1960 





PRINTED WITH GRAPHTOL YELLOW 4335-0 


FOR PRINTING INKS +« PAINTS + PLASTICS 


BRIGHT « CLEAN « ALKALI RESISTANT 


BENZIDINE-ANILIDE .. 4200 BENZIDINE-TOLUIDIDE 


— 


; 2 BENZIDINE-ANISIDIDE . 4300 HANSA 
/ \ 


WT rey, BENZIDINE-META-XYLIDIDE. 4400 TARTRAZINE LAKE 
SANDOZ 


VAT . «© «© © «© «© «© « « 4900 
ORGANIC PIGMENTS DIVISION 


Algonquin 5-1700 


for detailed information and color chips call: 


SANDOZ, INC. PIGMENT DIV. 61 VAN DAM ST. NEW YORK CITY "“AARTIN, HOYT & MILNE LOS ANGELES SAN FRANCISCO 





When 


You 


The newest 


curing agent for the 
EPOXY family—from 
Jones-Dabney Co. 
where Epoxy resins 


were developed... 


pl1-cure 


Think of 


Epoxy Resins, 


Come 


A New Flexiblizing Type Curing 
Agent For Improved Resilience 


EPI-CURE 855 is a new and modified aliphatic amine 

curing agent for EPOXY resins, which has resulted from the continuing 
development in the Jones-Dabney Laboratories, where 

EPOXY resins were developed 


For casting compounds, laminated structural parts, potting and 
encapsulating EPI-CURE 855 provides several unique advantages. 


Lower viscosity improves mixing and handling ease, eliminates 
the use of diluents in many cases and often lowers the cost 


of finished compounds 


Complete compatibility with EPI-REZ® 510 and similar resins allows 
faster and more uniform mixing. Bubbles come out faster and 
preheating and waiting periods before application are eliminated. Now 


you can handle compounds at lower temperatures with less sweat-out 


Longer pot-life permits larger batches and more time for 
application. After application there is more time for bubbles to 
surface and break resulting in better wetting. 


to the People Who Pioneered in Their Development and Manufacture! 


Direct inquiries to Resin and Chemicals Division, Station E, Louisville 8, Ky 


Division of Devoe & Raynolds Co., Inc 


Lovisville, Ky. Newark, N.J Los Angeles, Calif 
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R. O. Menard and W. W. Cooner 








E. I. du Pont de Nemours & Co., Inc., Explosives Department, 


he use of fabric-reinforced epoxy 
‘ resin laminates as materials of 

construction is rapidly increas- 
ing because of ease of fabrication, 
high strength-to-weight ratio, excel- 
lent electrical properties, and good 
resistance of these materials to chemi- 
cals and heat. The continued demand 
for higher 
missiles and higher operating temper- 


speeds for aircraft and 
atures for electrical equipment has 
resulted in the need for laminates 
with improved 


evaluations 


thermal _ resistance. 


Extensive have demon- 
strated that pyromellitic dianhydride 
(PMDA) is a 


which imparts excellent high-temper 


crosslinking agent 


ature strength and stability to cured 


epoxy resins (Reference 1 and 2). 
his article reports improved and sim- 
plified techniques for using PMDA to 
laminates 


prepare  glass-reinforced 


with outstanding thermal resistance 


DRY LAY-UP LAMINATES 

The use of PMDA in dry lay-up 
laminating has been handicapped up 
to now by the low solubility of 
PMDA in the commonly 
time required to effect 


used sol- 
vents. The 
solution in resin/solvent mixtures was 
excessive, and special techniques were 
required if the PMDA were dispersed 
rather than dissolved. 

Now, via the use of PMDA-glycol 
disadvantages have 


adducts, these 


been eliminated. The adducts, which 
are novel dianhydrides derived from 
the reaction of PMDA with various 
glycols, are much more soluble than 
PMDA in organic solvents (Reference 
3). They have been readily adapted 
to the preparation of dry lay-up lam- 
inates by conventional techniques, 
and they permit the use of a variety 


of epoxy resins. 


Preparation of PMDA-Glycol 
Adduct 


Preparation of the adducts is rela 
tively simple as illustrated by the fol 
for laboratory- 


lowing description 


scale quantities: 


Sales Development Laboratory 





REINFORCED 
PLASTICS 








Epoxy Resin 
Laminates With 
High Thermal 


Materials 
PMDA (1 mole 


Dow experimental 

resin X-2635 (0.5 mole 

Methyl ethyl ketone 
(MEK) 


Hy 


' 
HOCH 2CH20- 7 N ~~ > , 
—- ' 


The reactants were agitated and re- 


fluxed in a dry nitrogen atmosphere 


for 5 hours. The resulting solution, 


which contained 55% adduct, re- 
mained clear when cooled to room 
temperature. The principal product of 


the reaction is 


" " Il ‘ 
oe 
7 COOH HOOC c7 

YS VY L] 


where -R- is contributed by the gly 
col. In formulating with epoxy resins, 
the ad- 
duct was considered to be the same as 
that of the original PMDA 


the anhydride content of 


Preparation of Laminates 

The impregnating solution was pre- 
pared at ambient temperatures by 
dissolving the epoxy resin in the 
PMDA-glycol adduct solution and ad 
justing the viscosity to 30 centipoises 
with MEK. Style 181 
with “Volan”® finish was impregnated 
with the solution and “B”-staged at 
180°F. to a tack-free prepreg. Twelve 
plies of prepreg were laid up in the 


glass fabric 


conventional manner and pressed 10 


Resistance 


15 minutes at 250°F. and contact 
pressure, followed by 30 minutes at 
380°F. and 30 psi. The laminates 
were postcured in an oven for 24 
hours at 450°F. The resin content of 
the finished laminate was 30 to 35%. 


Test Methods 

Testing conformed to A.S.T.M. and 
Federal Specification L-P-406b meth- 
ods. In the flexural strength test, 
which was used as the basic measure 
of the laminate strength, a specimen 
size of 4 x % inch was used. Speci- 
mens were cut and finished simul- 
taneously with a diamond cut-off 
wheel. For heat aging at 500°F., 
specimens were supported on edge in 
stainless steel holders in such a man- 
ner that a minimum amount of lami- 
nate contacted the holder and air cir- 
culation in a gravity convection oven 
was not impaired. 


Results 

Adduct-cured laminates based on 
“Epon”** 828, dicyclopentadiene di- 
oxide*®** (DCPDO), blends of 
“Epon” 828 and DCPDO, and two 
other resins evaluated. The 
merits of curing each resin with the 
PMDA-Resin X-2635 adduct are dis- 
cussed below; test data are presented 
in Table 1 and Figure 1. 


were 


* Trademark for Du Pont methacrylato 
chromic chloride complex 


** Trademark of Shell Chemical Co 


*** Product of Union Carbide Chemicals 


o 


This article adapted from a paper presented at the 16th ANTEC—Chicago—January, 1960. 
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yelopentadiene Dicside 


30 4oc 


Exposure Time 


“Epon” 828 

The optimum anhydride /epoxide 
equivalent) ratio was approximately 
0.8/1, or a weight ratio of 147 parts 
of 55% adduct solution/100 parts of 
resin. The adduct was sufficiently re- 
active with “Epon” 828 to produce a 
good prepreg after a mild “B”-stage 
of 10 minutes at 180°F. 

The resulting laminates were par 
ticularly outstanding after prolonged 
exposure at 500°F. A flexural strength 
of 35,000 psi at 500 F. after exposure 


BLEND 75/25 
PePon’eze ocPDO 


] 
| 
4 


"EPON” 828 
rh 


500 600 


Hours et SOO°F 


for 500 hours was obtained consist 


ently with this agent /resin 


combination 


curing 


Dicyclopentadiene Dioxide 
(DCPDO) 


DCPDO, a solid resin, was used at 
an anhydride /epoxide ratio of 0.5/1, 
or a weight ratio of 216 parts of 55% 
adduct solution/100 parts of resin 
This combination was less reactive 
than the others and required a “B” 
stage of 25 minutes at 180°F. 





TABLE 1. PMDA-Glycol Adduct /Epoxy Resin Laminates 
Dry Lay-up 


“Epon’ 


Exposure 
Test Temp. Hours 
(°F.) at 500°F. 


™S 


73 0 


—" 


500 0 
500 


Ww Nh 
=“ AN UN WNNW UI 


KHOWDOKAAN—NOO 


500 


200 
500 
1000 


Dicyclopentadiene Dioxide 


Dow DCPDO" 
828 X-2638.3 (b) 


> 


NON 

—ANANANN 

WOWno—-hAN 
Ww 


75/25 
“Epon” 
DCPDO™ 
828/ 


50/50 
“Epon” 
DCPDO" 
828/ 


Flexural Strength (10° psi) and Modulus (10° psi) 


Oo 


w 
NUN ANNNWH DO 


™S 
—“OWAAWNN WOU 


N 
— ON UN OND NSN 
NAkONA OW 
Ww Ww N oO 
Ww NO 


N 
—ONANUNNN A 


DBDOWOWA—OKO 


N 


% Weight Loss of Resin 


47.0 


» Now available as D.E.N. 438 





The laminates were significantly 
better than the “Epon” 828 laminates 
with respect to flexural strength and 
modulus at 73°F., 500°F., and after 
aging 200 hours at 500°F. However 
after 500 hours at 500°F.,_ the 
strength of the DCPDO laminates de 
creased considerably. 


“Epon” 828-DCPDO Blends 

The outstanding retention of flex 
ural strength of the “Epon” 828 
PMDA-glycol adducts) after 
prolonged exposure to 500°F. and the 
DCPDO/PMDA-glycol adduct sys 
tem after moderate exposure at this 
temperature suggested the prepara 
tion of laminates from mixtures of 
these resins. The curing agent/resin 
ratio was based on that used previ 
ously with each resin. 

Laminates containing 50/50 and 
75/25 “Epon” 828/DCPDO blends 
had strengths of 20,000-25,000 psi at 
500°F. after exposure for 1000 hours 
at this temperature. The good thermal 
stability of laminates based on these 
blends is shown further by the low 
weight losses which occurred during 
the tests. Results are summarized in 


labie 1 


Resin X-2638.3* and 
“Epon” 1031 
The PMDA-glycol adduct de 


scribed above was very reactive with 
both Resin X-2638.3 and “Epon” 
1031 at an anhydride/epoxide ratio 
f 1/1 and 0.8/1, respectively “B” 
staging was 3 minutes at 180°F. on 
18 to 24 hours at room temperature. 
Although the flexural strength at 
500° F. was satisfactory (25,000 psi) 
both initially and after exposure for 
200 hours, the 
Blends with a less 
resin probably would provide im 
proved handling characteristics and 
laminates of improved quality 


WET LAY-UP LAMINATES 

In previous work with unmodified 
PMDA/epoxy resin mixtures in wet 
with promising 


system 


laminates contained 


voids. reactive 


lay-ups, laminates 
mechanical properties were obtained, 
but the process was hampered by the 
tendency of the PMDA to settle out 
of the resin or to be filtered on the 
fabric. These deficiencies were largely 
overcome by reducing the partick 
size of PMDA. 

At the same time, the objection to 
the extreme cure schedule, which is 
characteristic of high-temperature SVS 
tems in general, was overcome by 
modifications of the PMDA/“Epon” 
828 basic system. Results are de 
scribed below under “Rapid, Low 


Temperature Cure . 


* Experimental (epoxy) Resin X-2638.3 
Dow Chemical Co. Now D.E.N. 438 
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PMDA Particle Size 

All PMDA from the present manu- 
facturing facilities is now approxi 
mately 95% less than 10 microns in 
particle size. This material forms very 
stable dispersions in liquid epoxy 
resins. For example, when dispersed 
in “Epon” 820 or 828 at the 31/100 
weight ratio used below, there was no 
noticeable settling even after centri- 
fuging at 2000 rpm and 100°F. for 
30 minutes. The use of PMDA of less 
than 10 micron particle size resulted 
in essentially complete reaction of the 
curing agent and formation of trans- 
lucent laminates with excellent me 
chanical properties. 


Preparation of Laminates 

“Epon” 828 was heated to 180°F. 
and the PMDA of less than 10 micron 
particle size was stirred in vigorously 
with a mechanical stirrer for approxi- 
mately 10 minutes to disperse the 
PMDA thoroughly. Alternating layers 
of PMDA/resin mixture and style 181 
“Volan” glass fabric were laid up in 
the usual manner to a total of 12 
plies of fabric and placed in a press 
preheated to 250°F. Contact pressure 
was maintained for 10 to 15 minutes 
The resin content was approximately 


sor 


2/0. 


Results 


Test data are presented inTable 2 


and Figure 2 and are discussed be 
low. 


Regular Cure 
(Dispersed System) 


PMDA and “Epon” 828 were used 
at an anhydride/epoxide ratio of 
0.55/1 or a weight ratio of 31.2 parts 
of PMDA/100 parts of resin. The 
laminates were pressed 1 hour at 
380°F. and 30 psi, and postcured in 
an oven 24 hours at 450°F. 

The laminates exhibited better ini 
tial strength at 500°F. than the cor 
responding adduct-cured laminates 
(dry lay-up) and changed least in 
strength of any other system during 
exposure for 500 hours at 500°F. The 
500°F. flexural strength averaged 
23,000 psi initially and 30,000 psi 
after 500 hours. 


Rapid, Low-Temperature Cure 

Previously, considerable 
had been made in reducing the cure 
required for a high-temperature cast- 
ing system (Reference 4), but rein- 
forcement of this system gave only 
mediocre results. Recent modifications 
of the fast-curing casting system with 
diethylene glycol (DEG) and DMP.- 
10° gave much better results in lami- 


progress 


*Rohm and Haas Company's dimethy!l- 
aminomethy|phenol 
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[CATALYST- LOW 
[TEMPERATURE cure |] 


_—__—_+_ 
ae 


1 = i 
NO CATALYST-HIGH 


) 


[TEMPERATURE CURE | 


Figure 2. 


t Pig 


general preparation of 
laminates was followed, except 8 
parts of DEG and 0.2 part of DMP 
10 were dissolved in the 100 parts of 
resin before 56 parts of PMDA was 


nates. The 


dispersed therein. The laminate was 
cured only one hour in the press at 
250°F. and contact pressure with no 
postcure. 

The resulting translucent laminates, 
despite the mild cure, had good ini- 
tial flexural strength at 500°F. (15, 
000 psi). After 200 and 500 hours at 
500°F., 
those of the unmodified system and 


strengths were superior to 


were essentially equivalent to those 
of the best PMDA-glycol adduct 


cured laminate 


500 600 
Hours af 500°F 


OTHER PROPERTIES 

Other 
chemical 
wet lay-up and a dry lay-up laminate 
were quite good and are presented in 
:able 3 
with glass mat and 


mechanical, phy sical, and 


resistance properties of a 


Other laminates reinforced 
containing a 
higher resin content are now under- 
going more severe chemical resistance 


tests 


SUMMARY 

Improved techniques were devel 
oped for curing glass fabric-reinforced 
epoxy resins with PMDA using both 
dry and wet lay-up methods. Lami- 
nates based on a PMDA-glycol ad 


duct and a conventional epoxy resin 





TABLE 2. PMDA/“Epon” 828 Laminates 
Wet Lay-Up 


Test Temp. Exposure Hours 
(°F.) at 500°F. 


73 0 
500 0 
500 
500 
500 


Dispersed System 


Modified (Dispersed) 
System 
Rapid, Low 


Regular Cure Temp. Cure 


Flexural Strength (10° psi) and 
Modulus (10° psi) 


“S 


N NY NY @ 
NONUNWWN 
UBSONIOR—OW 

wo Ww — 

—BRNWNN—U—O 


WNo—O—- AWA UWUIO 


% Weight Loss of Resin 


6.9 
7.8 


| 18.3 
2 29.4 








‘‘only the best are selected...’’ 


William D. Hedges, Vice President in Charge of 
Development and Research at Columbus Coated 


’ ® 
“olovin 
Fabrics Corporation, says: 


“I am responsible for seeing that raw materials 
meet our specifications and that the finished 
products meet the rigid quality requirements of 
our customers. 

“In order to maintain our position as one of 
America’s leading producers of quality vinyl 
products for home and industry, we must depend 
upon reliable raw material suppliers. 

“For much of our basic research we must rely 
on the research and development laboratories of 
our vendors to keep us well informed of their 
current products as well as new materials which 
they are planning for the future. 

“We judge all our suppliers—including plas- 
ticizer producers—in terms of these criteria, and 
only the best are selected for a continuing busi- 
ness relationship with us.” 


Where the accent’s on quality 


look for Plastolein’ Plasticizers 


Organic Chemical Sales Department 
EMERY INDUSTRIES, INC., CAREW TOWER, CINCINNATI 2, O. 
Vopcolene Division, Los Angles; Emery Industries (Canada), London, Ont 

Export Department, Cincinnati 
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TABLE 3. Other Properties of PMADA and PMDA-Glycol 
Adduct/Epoxy Resin Laminates 


Dry Lay-Up 
PMDA-Glycol! 
Adduct 
Blend “Epon” 
828/DCPDO" 


Wet Lay-Up 


Laminating Technique 
PMDA 


Curing Agent 


Resin “Epon” 828" 


41.0 
22.7 


48.8 
self-extinguish- 


Tensile Strength, 10° psi 
73°F 


42.4 
25.5 


46.6 
self-extinguish- 
ing 


500°F. 

Compressive Strength, Edgewise, 
10° psi 

Flammability 


Water Absorption, % Change in 

Weight (24 hours) 0.09 
Barcol Hardness 74 
Rockwell Hardness M116 


Tested after immersion in chemical fluids (7 days) 


Oo 

ui 
oO 
»®) 


Initial Flexural Strength, 10° psi 
Hydraulic Oil 

Flexural Strength, 10* psi 

Change in Weight, % 
Anti-Icing Fluid 

Flexural Strength, 10* psi 

Change in Weight, % 
Ethylene Glycol 

Flexural Strength, |0* psi 

Change in Weight, % 
Hydrocarbon Fluid 

Flexural Strength, | 0* psi 

Change in Weight, % 


oO 
oO 


Oo 


oO 
—O Ow uw 
NS 


—h Ob 
b ~) 
oO l 
ON O% Of OG 
OD OW 
oO N 


N 


oO 
co 


oO > 
Om om ovo Om ™N 


ow o- 
1) 
oO 


regulor cure 
828/25 part 


system 
Epon 


*’ Dispersed 


75 ports Dicyclopentadiene Dioxide 


DCPDO 





had flexural strengths of 35,000 psi at 2. Explosives Department, E. I. du 
500°F. after exposure for 500 hours. Pont de Nemours & Co., Inc., 
Flexural strengths of 25,000 psi at Pyromellitic Dianhydride—A Cur- 
500°F. after exposure for 1000 hours ing Agent for Epoxy Resins, tech 
were obtained by blending dicyclo nical bulletin (Nov., 1955), Sup 
pentadiene dioxide, one of the new plement Nos. 3-6 
wih he conventions! Hyde, T. J]., The Epoxy Resin 
Pyromellitic Dianhydride - Glycol 


paper before 
Society, 


epoxy resins, 
resin. 


small particle siz 


, Extremely Rar System, 
PMDA, now the standard form, was is: ‘deen 
used to prepare wet lay-up laminates Sept. 14, 1959. 


of excellent and essentially constant 
Hyde, T. |. and Cooner. W. W.., 


500°F. strengths during exposure for 
The Epoxy Resin-Pyromellitic Di- 


500 hours at 500°F. Cure time and 
temperature were drastically reduced anhydride - Monohydri Alcohol 
System, paper presented at the 


by using a readily available modifier 
and a catalyst with PMDA. After a Second Delaware Valley meeting 
of the American Chemical Society, 


cure of only one hour at 250°F., good 

initial high-temperature strength was Philadelphia, February, 1958. 
obtained without sacrificing stability 

at 500°F. 


presented 
Chemical 


Literature References 


1. Feild, R. B. and Robinson, C. F., Edited by George Lubin 
Ind. Eng. Chem. 49, 369 (1957) Grumman Aircraft Co. 
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Temperature extremes— 
which can rob vinyls of flexibility— 
are of little concern to producers who 
specify Plastolein low temperature 
plasticizers for their products. For 
example... 

They know that Plastolein 9058 
DOZ is the time-tested standard of 
the low temperature plasticizer field 

. that it provides the kind of low 
temperature flexibility that stays in 
their vinyls even after prolonged ex- 
posure to summer heat 

And more and more producers are 
utilizing the unusual capabilities of 
another Emery plasticizer, Plastolein 
9078 LT, which approximates 9058 
performance, but at a much lower 
price. 

Why don’t you investigate the ad- 
vantage of these Plastolein Plastic- 
izers in your coated fabrics, film, 
Sheeting and extrusions? 

Write Dept. ]-3 for literature 

PLASTOLEIN® 

plasticizers 


fo 
Sp 


Organic Chemical Sales Department 
Emery Industries, Inc., Carew Tower, Cincinnati 2, Ohio 
Vopcolene Division, Los Angeles 
Emery Industries (Canada), London, Ontario 
Export Department, Cincinnati 





Naugatuck KRALASTIC’ 


EXTRUSIONS 


Tougher...stronger...easier with KRALASTIC 


The very properties that have made KRALASTIC rubber-resin so out- 
standingly successful in pipe... for oil, gas, water, chemicals and 
underground electrical conduit... offer a host of interesting possibil- 
ities for other extrusion products of all kinds. Consider: 

KRALASTIC holders for 45 r.p.m. record player spindles have just 
the springiness required to hold the spindle in place, yet have a 
tough flexibility that is non-marring to the spindle finish. 

Tuning shaft extensions of KRALASTIC provide the torque resistance 
required, yet are tough enough to prevent accidental breakage. 


And KRALASTIC’s good dimensional stability allows press-fit coup- 
lings to both the tuning knob and the tuner itself. 

Radio chassis glides of KRALASTIC are not only effective insula- 
tors, but are also self-lubricating to ease installation and removal 
of the chassis from the cabinet. 

Investigate the properties of KRALASTIC in relation to your own 
extrusion products. They could spell product improvement. For full 
information, write the address below. 


Naugatuck Chemical Division 


353K ELM STREET 
NAUGATUCK, CONNECTICUT 


KRALASTIC RUBBER-RESINS © MARVINOL VINYLS © VIBRIN POLYESTERS 


Akron - Boston - Chicago - Gastonia - Los Angeles - Memphis - New York - Phila. - CANADA: Naugatuck Chemicals - Elmira, Ont. - Cable: Rubexport, N.Y. 
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CAN YOU USE EXTRA MOLDING CAPACITY 
LIKE THIS? 


5% OZ. NYLON CONTAINER. New Prod t 6.44 0©Z. BUTYRATE TOY BUS TOP 


Built-in Extra Capacity on the 175T-4/6 oz. REED 
Means Profitable, High-speed, Automatic Operation. 


The molded items shown are typical of the kind of performance molders have 
come to expect from the REED 175T. This popular and versatile REED, most 
widely used 4 oz. injection molding machine available today, gives you the 
built-in capacity that helps you run bigger, more difficult molds with ease. 
Check some of the features that have helped Trimold, Inc. and New Products 
Company become top molders in the field. 

e Built-in stuffing arrangement permits shots of 6 oz. or more through 
multiple strokes e Jumbo heating cylinder with twice the capacity of the 
standard cylinders e New high-torque, 15 H.P. motor as standard equipment. 
Cuts dry cycle time to 5.7 seconds. 


If you want faster molding and greater built-in capacity, see your Reed- 


Prentice Sales Engineer. He will show you how the REED 175T—4/6 oz.. 


machine will help you increase your profits through greater productivity. 


REED-PRENTICE 


division of PAC KAG E 


MACHINERY COMPANY 


EAST LONGMEADOW, MASSACHUSETTS 


BRANCH OFFICES: BUFFALO + CHICAGO «+ CLEVELAND + DEARBORN 
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SPECIFICATIONS 
Mold clamping stroke 


Platen size (W X H) 


Diameter of tie bars 


Space between tie bars 


Rated casting area, square inches 


— _ ———— 


Plasticizing capacity, pounds per hour 


Dry cycle time, seconds 


e KANSAS CITY «+ LOS ANGELES + NEW YORK 





VBE Vented Reverse Flow Heaters 
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Leading injection 
molders know— 
it's what happens 
INSIDE the heater 
that really counts! 


S 


Patents Pending 


Here's ultimate proof of IMS Leadership in heating 
cylinder design! The new exclusive VRF Degassing 
principle automatically overcomes many common 
molded-in defects. It's brought to you by the same 
cylinder engineers who pioneered the IMS Standard 
Uniform Design All-Welded Replacement Chamber 
in 1949. Note how the exclusive vent hole allows 
trapped, compressed gases to escape out of the 
melt area just prior to injection. This hot bleed-back 
speeds melting of cold granules, and often lowers 
pressure requirements by lubricating the spreader 
tip with soft plastic. You gain the advantages of 
precompression with no moving parts! 

Cylinder corrosion on cellulosics is virtually elimi- 
nated by gas relief. Production time between clean- 
outs on Vinyl is greatly extended. 


Pressure equalizing bleed-back gives automatic part 
weight control without a feed weigher. 


VRF reduces burning because internal storage tube 
keeps material inventory away from heat source. 
Remember! It's what takes place INSIDE a heating 
cylinder that really counts! 


SpeciaL Purpose RepLaceMENT 
HEATING CYLINDERS FOR ALL 
InjeEcTION MOLDING MACHINES. 


INJECTION MOLDERS SUPPLY CO. 
3514 LEE RD. CLEVELAND 20, OHIO 
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E. G. Greninger 








The Bryant Electric Company, Plastics Department 





MOLDING 
CYCLES 








Modernization Program 


For Thermosetting 


Plastics Equipment 


he compression molding indus 
¥ try is unique in that it is prob 
ably the only industry in this 
country which still uses the same 
equipment, purchased more than a 
quarter century ago, to compete in 
today’s market. Recently, automation 
has become accepted by some ot the 
larger captive molders but, in general 
the custom molder cannot afford to 
scrap his equipment and re-invest in 
automatic presses. This attitude on 
the part of custom molders will caus« 
increasing numbers of the large users 
of molded parts to put in their own 
molding plants because they cannot 
ifford to pay increased prices for the 
items they purchase 
What is an automatic molding 
press? Basically it is a regular com- 
pression molding press either toggle 
or full hydraulic with loading and 
stripping and ejection units added 
These units are generally simple it 
design, so simple in fact, that any 
molder with a good machine shop 
could convert his compression mold 
ing presses into automatic units for 
less than $1200.00 each (labor and 


material). 


Areas Affecting Costs 

What can compression molders do 
to automate and mechanize thei 
plants at a reasonable cost? There are 
five principal areas which affect the 
cost of molded items. Each should be 
examined, and improvements made 
where equipment and/or method 
does not meet modern requirements. 
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The five areas are 


The molding operation 
The finishing operation 
Quality control 

The packing operation 
Material handling 


How much improvement should be 
made and to which areas, will depend 
on the type and volume of items 
being produced 

The molding operation, Area #1 
can be considered modern if it meets 


certain conditions 


A. The press must close in approxi 
mately five seconds. If the 
presses close S more slowly Iti 
vestigate the cost of larger feed 
lines. First check the capacity 
of the accumulator system. If 
ample capacity is available, 
larger teed lines can be In 
stalled at moderate cost. It may 
become necessary to change 
from a weighted accumulator to 
air bottle type in which case a 
considerable expense is in 
volved, but generally, an im 
provement of this type will 
reduce maintenance and oper 
ating expense in addition to in- 
creasing productivity. If the 
presses art self contained units, 
it will be necessary to check 
individual pump capacities be- 


fore installing larger feed lines 


It will probably be necessary to 
install a larger pump to gain 
the desired efficiency. In either 
case, if the press closing speed 
is increased, it is important to 
equip the press with adequate 
adjustable slow down control 
that can be’ set to control the 
final 4 inch of travel to prevent 
the mold surfaces from being 
damaged from impact. This can 
be accomplished by use of a 
bypass through a needle valve 


Examine the press controls. Are 
the presses equipped with hand 
operated valves? A cycle con 
troller will close the press, gas 
time the cure and open the 
press while the operator is at 
tending one or more adjacent 
presses. Even if the operator is 
currently attending more than 
one press the cvcle controller 
will attend the necessary slow 
closing and gassing, thus mak 
ing it possible for the operator 
to move on to the next press 15 
to 45 seconds sooner than 
would have been possible with 
hand valve controls. 


Use electronic preheating where 
ever it will substantially in 
crease machine productivity 
Most parts which require three 
to four minutes to cure can be 
cured in one to one and a half 
minutes if electronic preheating 
is used. The increased produc 
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D 


tivity will pay for the electronic 


unit in a very short time. The 


use of electronic preheating 


will also result in lower mold 
maintenance cost because ade- 
heated 


pound can be 


quately molding com 


molded with 


lower pressure. 


What is the condition of the 
rams and cylinders on the 
presses? If the productivity of 
the equipment is increased, the 
condition of rams and cylinders 
Have the 


rams built up and plated with 


must be improved. 


hard chrome or stainless steel 
The cylinders should be re 
lined or honed, depending on 


construction 


Inspect the press guides. Caulk 
or replace bushings as required. 
Keep the equipment in good 
condition and it will pay divi 
reduced mold 


dends in main 


tenance and fewer rejected 


moldings 


After all of the above steps have 
been completed, consideration 
should be given to full automa 
tion of the press as outlined in 


the beginning of this article 


The finishing operation, Area # 


) 
should be reviewed. to keep pace with 


increased produc tivity: 


\ 


B 


Hand flash removal should be 
eliminated on all volume jobs. 
Such hand file, 


trim brush, etc 


operations as 
pierce, wire 
have no place in the modern 
molding plant. These operations 
should be replaced by tum 
bling, wheelabrating and other 


automatic deflashing methods 


Hole 


Can be 


drilling and/or tapping 
reduced in cost if the 
operation Is done on several 
parts or holes at the same time 
The plant should be equipped 
with multiple spindle adjusta 
ble drilling and tapping heads 
to allow processing up to six 
holes at one time. If the plant 
high volume 


be drilled 


consider a 12 


produces parts 


which must and /or 


tapped spindle 
or rotary drilling and 
than 


mac hine 


tapping mac hine rather 


just a head. 


Automatic paint spraying equip 


ment should replace hand 


spraying. The automatic equip 


ment is relatively inexpensive 
and will result in increased pro- 
ductivity; elimination of over 
spray, thus reducing time neces- 
sary to clean parts; saving of 
paint and improvement of 


quality. 


suffing and grinding operations 
are costly when done by hand. 
These operations can be mech- 
anized at very little cost by use 


of conveyors or turntable units 


Quality Control, Area #3, is a 
phase often misunderstood or disre- 
garded by molding plants. Remember, 
quality cannot be inspected into a 
product, it must be built in, therefore, 
a modern plant must put a quality 
effect 


material and 


control program into which 


starts with the raw 
checks each operation, while in proc 
ess, until the product is ready for 
shipment By using adequate control 
of work in process, it is possible to 
save In many ways Rejected material 
is reduced to a very low percentage 
of total costly 


production sorting 


operations are eliminated, salvage 


operations are eliminated. OV ertime 
resulting from fall down in schedules 
is greatly reduced, machine output is 


increased. 


Analyze Packing Operations 

The packing operation, Area #4, 
should be carefully analy zed to deter 
costs are reducing 


Both 


and overpacking can be 


mine if hidden 


profit margins. underpacking 
expensive. 
Underpacking results in excessive 
breakage in transit and therefore is 
easy to detect. On the other hand, if 
one never gets a complaint of break 
age in shipment, there is a good 
chance that the product is over- 
packed. The addition of a packaging 
engineer to the organization can aid 
the development of the modernization 
program by reducing carton inven- 
tories, adaptation of modern sealing 
methods, recommended use and de 
velopment of modern display packag- 
ing wherever applicable, etc. If the 
plant is too small to support a full 
time packaging engineer, this respon- 
sibility should be delegated to some- 
one in the organization who can 
devote ample time and thought to the 


packaging problems 


Material handling, Area #5, is very 
important in a modern plant. When 
productivity is increased, it becomes 
necessary to review the material 
handling problem. The first step is to 
make flow charts which record time, 
distance and method of transportation 
of material between each operation 
Such charts should be made for each 
high volume production job and ana 
how material 


lyzed to determine 


handling can be improved. Equip 
ment should be re-arranged to allow 
parts to be transported by conveyor 
or polished chute between operations 
wherever this is practical. The use of 
portable conveyors can el minate the 
need for material handlers in many 
areas of the plant Also investigate the 
use of battery or gasoline powered 
trucks in place of hand trucks to move 
finished goods and raw materals. The 
use of pallets or skids is practical if 
power trucks are available. The raw 
material should be dispensed with a 
minimum of effort from a location ad 
jacent to the work station. Use of 
automated feed systems for molding 
compounds will depend on the type 
and variety of compounds used. It is 
not practical to go that far unless 
production is predominantly of one 
type and color material. The study of 
material handling should be inte 
grated with a study of contamination 
and dust control. These three subjects 
are closely allied in the thermosetting 
molding industry and adequate con 
trol of them can effectively reduce 
operating expense and increase prod- 


uctivity. 


eB — 
edited by L. Paggi, 


E. I. duPont de Nemours 
& Co., Inc. 
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Now from STOKES...NEW LINE OF COMPLETELY 
AUTOMATIC TRANSFER MOLDING PRESSES 


Completely automatic transfer molding presses are now 
a reality! Stokes’ new line contains features developed 
and proved during 25 years of automatic compression 
molding experience. The new presses range from 25 tons 
to 300 tons capacity. Already, 10 have been installed 
and are providing industry with new economies 
of operation. 


Here is why these presses have gained immediate 

acceptance and why they can be important to you... 

@ they meet industry's need for fully automatic transfer 
molding 

@ their extremely fast transfer and clamping speeds 


@ positive ejection and discharge on both top and bottom 
knockout 


Plastics Equipment Division 


@ positive seal between feed and comb...parts can't 
fall back into mold 

@ complete mold protection 

@ automatic preform preheater and feeder integral with 
press 

@ easily modified for use as automatic compression presses 


All these features—and many more—mean new effi- 
ciencies never before possible. The new line is one more 
example of Stokes continuing leadership in the 
molding equipment field. 


Today is the best time to get all the facts on the new 
Stokes line. Write now and cash in on the built-in 
economies and efficiencies of the new Stokes completely 
automatic transfer presses. 


F. J. STOKES CORPORATION 
5500 Tabor Road, Philadelphia 20, Pa. 
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HARFLEX 30 


POLYMERIC PLASTICIZER 





Write for Sample and Bulletin 
or see Chemica/ Materia/s Catalog - Pages 173-175, 
ATES SS ogee =“THE KEY TO 
el = : 


=~ gz, HARCHEM DIVISION 
oA HARCHEM 








= BETTER PLASTICS 


WALLACE & TIERNAN, INC. 
25 MAIN STREET. BELLEVILLE 9. NEW JERSEY 


iN CANADA WC. HARDESTY CO. OF CANADA 





LTO... TORONTO 
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Next Month 


nN 


The SPE Journal 





e@ A significant step forward 
in the use of plastics in 


structural design 





e@ A way of test fabricating 


molded polyethylene parts 





—without physical proper- 


ties variables interfering 





IN THE METHYL ETHYL 


. (ELD 
For the molder—A simple CSIs. Cones & 
and accurate method for ‘ee LUPERSOL® DDM is known for long term stability and 
: “4 ) tic I< 5 , Wy 
controlling hardness of phe- uniform catalytic activity. No loss of assay afer 144 years of 
: storage at ambient temperatures. Readily soluble in most syn- 
nolic preforms a thetic resin monomers. DDM is a convenient, liquid catalyst for 
the polymerization of polyester and vinyl type resins. Useful in 
developing “room temperature” cures with polyester resins 
containing an accelerator such as cobalt. 





LUPERSOL® DELTA is noted for producing up to 50% faster 
gel times on fiberglass lay-up and gel-coat applications. Hard 
cures and high speed production assured even in cold weather. 
With autobody putty compounds you enjoy equally rapid gel 


The lat i 
atest developments in and sand times with both singly and doubly accelerated putties 


rigid urethane foams 
Write for Data Sheets or Consult 
Chemical Materiais Catalog Page 199 





LUCIDOL DIVISION 





WALLACE & TIERNAN INCORPORATED 
1740 MILITARY ROAD 


Injection molding—factors 


BUFFALO 5. NEW YORK 


for mold-fill-out patterns 
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Announcing A NEW “IMPCO” 


Injection Molding’s Most 
Versatile Performer! 


Impco Model HAI16—425 


20 ounce injection molding machine 


The size of the new HA16-425 “Impco”, combined with its speed 
and adaptability, make it Injection Molding's most versatile per- 
former! Seven hundred and twenty dry cycles per hour at full 
241 inch stroke — two hundred pounds per hour plasticizing cap- 
acity — hydraulic knockout — live adjustments, are but a few of 


the many features contained in this machine. Let us show it to you. 


IMPROVED 
BD. MACHINERY INC. 


NASHUA, NEW HAMPSHIRE 





In Canada, Sherbrooke Machineries Limited, Sherbrooke, Quebec 


Export Distributors: Omni Products Corp., 460 Fourth Avenue, New York, New York 
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Packaging Notes 


A polyethylene-paper pouch for cake 
mixes permits savings in packaging 
materials and labor for a Canadian 
producer. The savings enabled the firm 
to lower the retail price of its product 
from 29 to 19 cents a package. The 
product was previously packaged in 
plain paper pouches stuffed in cartons. 

The new 15 oz. package consists of a 
paper container with four-color print- 
ing on the outside and a 1.75 mil poly- 
ethylene lining on the inside. The pack- 
age is produced by feeding separate 
rolls of paper and polyethylene film into 
a converting machine. The two-layered 
pouch is filled as it is formed. 


Polyethylene film insert forms inner 
compartment of a disposable wirebound 
wooden liquid container. The new light- 
weight 15-gal. container consists of a 
polyethylene liner within a corrugated 
cardboard cushion. The outer surface is 
a wire-bound wooden box which pro- 
vides rigidity and strength. 

Easy emptying is provided by a flex- 
ible, pull-out pouring spout. The manu- 
facturer claims many advantages over 
glass-type carboys, which cost an aver- 
age of $2.50 to $6.00 per trip. 

Initial cost of the new “carboy” is 
20% lower than glass-type carboys, and 
it eliminates return freight costs, clean- 
ing repairs, double bookkeeping and 
inventory. The new containers occupy 
half the space and are 51 Ibs. lighter 
than glass carboys. 

The containers are said to meet in- 
dustry standards for safe handling and 
shipping. 


A polyethylene package is now replacing 
tin cans for packaging sterilized milk 
produced by a west coast dairy. Com- 
bined cost of container, filling, and ship- 
ping of the tetrahedral-shaped packages 
is said to be half that of standard metal 
cans...the only previous method for 
storing sterilized milk indefinitely with- 
out refrigeration. The new package 
creates a gas barrier comparable to 
that of a metal can. It has possibilities 
for many products which normally re- 
quire refrigeration for preservation. 

The package walls consist of a four- 
ply lamination of paper, a polyethylene 
extrusion, metal foil, and polyethylene 
film inside. The foil, surrounded by 
polyethylene, is used in the pyramid- 
shaped packages in such a way as to 
provide an absolute barrier. 

Aseptic methods, including a chlorine 
wash, are used before packaging to 
eliminate all contaminants from prod- 
uct and package. The package is filled 
slightly above the “full” line. 

When the heat sealing jaws close, a 
filled, hermetically sealed container re- 
sults, with no residual air pocket. 


Be sure to visit the 
U.S.1. EXHIBIT — BOOTH 123! 


29th NATIONAL 
PACKAGING EXPOSITION 
CONVENTION HALL, APRIL 4-7 
ATLANTIC CITY, NEW JERSEY 


U.S.I. Technical Specialists to Answer 
Questions on Polyethylene at Exposition 


Cast Polyethylene Film to be Shown at Atlantic City Show 


Record attendance is expected at the American Management Associa- 
tion’s 29th Annual National Packaging Exposition, April 4-7, at Atlantic 
City’s Convention Hall. U.S.I. will occupy space on the lower level at 


Booth 1231 


Last year’s packaging show featured the Techni- 
cal Information Center, above. U.S.I. representa- 
tives will be available again this year to 
answer questions on polyethylene packaging. 








New Automatic Machine for 
Packaging With Polyethylene 


A new polyethylene bagging machine 
designed for fine-line edge sealing was 
recently introduced for packaging both 
rigid and non-rigid products. The ma- 
chine automatically forms the bag 
from flat film around the object to be 
packaged. 

Because packages are sealed on three 
sides, there are no seams to mar either 
side of the bags. The entire surface of 
each side of the package is available 
for printing, and placement of seals 
also offers complete product visibility. 

A special intake conveyor will accom- 
modate from 1 to 5 bag loading stations, 
and feeds filled packages into an auto- 
matic heat sealer which makes seals 
immediately adjacent to the product. 
The new machine is said to handle from 
10 to 100 packages per minute. 








U.S.I. Announces Booklet 
On Polyethylene Printing 


“Printing of Polyethylene” is the title 
of a new U.S.I. booklet just off the 
press. It’s the latest addition to special 
U.S.I. literature designed to help 
achieve finest results with polyethylene 
packaging film. 

The new booklet discusses methods of 
film treatment, printing techniques, 
printing inks, and field test procedures. 
It also contains a glossary of commonly- 
used ink and printing terms. 

A copy of this valuable 16-page book- 
let is available upon request. Just write 
to gard U.S.1. Polyethylene News, 
U. Industrial C hemicals Co., 99 Park 
p dg New York 16, New York. 





where visitors will again be invited to take advantage of 


U.S.I.’s Technical Information Center 
on polyethylene film. In a departure 
from normal industry practice of man- 
ning such exhibits primarily with sales 
personnel, it has been U.S.I.’s custom 
to offer the services of trained technical 
specialists who are well versed in poly- 
ethylene technology as it applies to 
packaging applications of a wide variety. 

This year, members of U.S.I.’s Poly- 
mer Service Laboratory will be on hand 
to advise converters and packagers on 
such problems as the proper selection of 
polyethylene film most satisfactory for 
a given application, and heat sealing 
methods and equipment. Other ques- 
tions of interest to packagers of baked 
goods, drug products, meat and poultry, 
produce and soft goods will also be 
answered. 


Applications of Cast Film to be Shown 

This year’s Atlantic City Exposition 
will be the second anniversary of 
U.S.I.’s a of cast polyethy- 
lene film. Cast film and its latest ric’ 
cations will again be a part of U.S.I.’s 
exhibit. Packagers are encouraged to 
make use of this opportunity to discuss 
innovations in polyethylene packaging 
that have developed in the past year. 


New Resin to be Introduced 
A new resin, tailored to those pack- 
aging applications that demand a com- 
bination of high toughness with high 
clarity and gloss, will be demonstrated. 


Polyethylene Valuable 
for Rice Field Levees 


A Texas agricultural station is experi- 
menting with polyethylene sheeting for 
use in rice field levees. 

The film or sheeting used is black 
polyethylene, 3 ft. wide. Various thick- 
nesses are being tried in the experi- 
ments. It is anchored in place by dirt, 
back-plowed along its lower edge. Fur- 
ther support comes from 1” x 4” stakes 
placed 5-10 ft. apart. The levee with- 
stands substantial winds and a 5-in. 
head of water. 

The researchers report many advan- 
tages of the polyethylene levees. They 
eliminate dirt levees which take 4-10% 
of available acreage and are prone to 
germinate undesirable grasses and 
weeds. The levees also make possible 
the harvesting of rice fields in single 
units, rather than by following the con- 
tours of dirt levees. 








POLYETHYLENE 
PROCESSING TIPS 


HOW STOCK TEMPERATURE 
AFFECTS THE OPTICAL PROPERTIES 
OF CAST FILM 


Stock temperature is a key factor among oper- 
ating variables affecting the optical properties of 
cast polyethylene film. Fortunately, the extruder 
can control stock temperature with a high degree 
of accuracy to produce film of optimum gloss and 
transparency and minimum haze. 

Gloss is generally defined as the percent light 
reflected at an angle from the surface of the film, 
as determined by standard measuring techniques. 
Transparency, or transmittance, is the percent 
light which will pass through the film. Haze is the 
percent light scattered as it passes through the 
film. 

The graphs below show the general effect on 
these vital optical properties with changes in 
stock temperature. 
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Effect Varies With Resin 


Within limits, the amount of change in the film’s 
optical characteristics brought about by raising 
or lowering the temperature varies with the resin 
being processed. In some cases, for example, im- 
provements of 50% or more in gloss and trans- 


mittance result from increased temperature. 
Similarly, a 75% reduction in haze is sometimes 
possible. These results are much greater than 
would be expected from the above graphs of the 
general effect. 

The following bar graphs show examples 
where temperature increases of 50°F and 75°F 
greatly improved the clarity of films of two dif- 
ferent resins. 
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“PETROTHENE”™ RESIN A: 
MELT INDEX 2.0, DENSITY 0.928 
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SS ol oL 
“PETROTHENE” ® Resin B: 
MELT INDEX 8.0, DENSITY 0.9/5 


These differences in films produced at differ- 
ent temperatures also underscore the need to 
keep resin temperature uniform. (See U.S.I. Poly- 
ethylene Processing Tips, Vol. V, No. 1 for a 
detailed discussion of the importance of stock 
temperature control.) 


Balanced Extrusion Conditions Necessary 


In the production of cast film, the requirements 
of the end use are most often the major consider- 
ation. To achieve the desired film properties with 
the equipment available, the extruder must con- 
cern himself not only with stock temperature, but 
with the establishment of a balance of extrusion 
conditions and resin properties. 

U.S.I. technical service engineers will be glad 
to work with you in determining the best stock 
temperature for your operation. Ask for their 
assistance on this or other processing problems. 


USTRIAL CHEMICALS CO. 
Division of National Distillers end Chemical Corp. 
99 Park Ave., New York 16, M. Y. 

Brenches in principal cities 
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Imp ortant Price Re duction! 











NATIONAL: 


“SUCCINIC ANH 


NATIONAL ANILINE DIVISION 
ee ee ee ee 8 








NEW YORK 6. WN 


New low “‘incentive price” offered 
to stimulate volume use in coatings, resis, 


plasticizers, elastomers, adheSives, etc. 


Future substantial price reductions probable 


if consumption grows as contemplated. 


u CAN Bs 














NATIONAL 


CC ‘ou have considered 
SUCCINIC ANHYDRIDE If you have 


National SUCCINIC ANHYDRIDE too costly for your use, 


it’s time now to take another look! 





Name Title 
Company 


Address 


HERE’S WHY... 


that National SUCCINIC ANHYDRID! 
1 can be a major intermediate that we are 


ith a very attractive 


ee volume use can help 
reductions that will make the 
reactive organic compar- 

ised resin chemicals. 


to re-examine National 
We'll make it easy for you 


NATIONAL SUCCINIC ANHYDRIDE 


SuccINIC ANHYDRIDE has an unusually in- 
what researchers 


] 


‘“‘small molecule that imparts 


yperties to coatings, resins and plas- 


‘new low “incentive price” (and with 


‘future reductions based on substantial 

isumption), it can be the basis for many 
nd-products 

new low price, National SUCCINIC ANHY- 

yuld now find increasingly important use in 

pharmaceutical intermediates, cosmetic 

pe rfume bases, corrosion preventives, 

ic chemicals, lube oil additives, insect 


ind the like. 


ns commend ly by those who work 


acyl compot lactones, pyrroles as 


) five-membered cyclic 


nediates leadin 


f i citi " 
IONS SITION 
only producer of SUCCINIC 
sale. We have long experience, inte- 


tion and efficient manufacturing proc- 


copies t your Techni 


SUCCINIC ANHYDRIDE 


Ha re itis ill by appointment 


new users, we can promptly supply laboratory 

pilot-plant quantities from our present produc- 

Additional capacity should be on stream in th 
near Ituture, 


We are prepared to install ever-increasing capacity 
with cumulatively decreasing costs to make Nation: 


SUCCINIC ANHYDRIDE a major resin chemical as we 


il 
] 
ih 


as an important economic organic intermediate. 


WHAT YOU SHOULD DO NOW 


Be sure your Research, Product Development and 
Marketing people see this announcement. Discuss it 


with them. 

Find out what National SUCCINIC ANHYDRIDE at 51¢ 
rease your sales and open new product 

opportunities. 


Check what possible future substantial price reduc 


; 


tions based on increased consumption ) can do 


further increase your sales and profits. 


Then — let us know your anticipated needs so we 
can work with you. 


Research & Product Development Men: 
THE TECHNICAL 
mi rr ii ir 

DATA YOU NEED 

Our 40-page Technical Bulletin I-11 
SUCCINIC ANHYDRIDE contains « 


plete physical properties, all imp 
tant reactions, infrared absorpti 


HERE 


SUCCINIC 
ANHYDRIDE 


spectrogram, suggested uses and 
bibliography of 302 references 

the fundamental data needed for 
your investigations. Ample working 
samples will be sent without charge 
Use the convenient coupon below 
for prompt action. 





llied 
hemical 


NATIONAL ANILINE 
DIVISION 


40 Rector Street, New York 6, N. Y 


Atlente Boston Cheriotte bic age Greensdove Angele 
Philadel ptia Portiand Ore Providence Sen Fran 
onede: ALLIED CHEMICAL CANADA, LTD 00 Werth Queer oronto 16 
Distributors throughout the world For information 
A ED CHEMICAL INTERNATIONAL * 40 Rector St.. New York 6, 8. ¥ 





16th ANTEC Preprint Book 
... Now on Sale 


* 16th ANTEC Preprint Book—Volume VI, 1960, Chicago, 
83 papers. $7.50 members; $12.50 Non-members. Single 
preprints of individual papers, Vol. VI, while they last, 
$0.25 each, members; $0.40 each, non-members. 


Also available 


%& NATEC Preprint Book—Volume |, 1959, Los Angeles, 20 
papers. $5.00 members; $7.50 non-members (See program, 
September SPE Journal, page 788, and Abstracts on pages 
815-817). 

* Stability of Plastics—Baltimore-Washington Section; 
Nine 1000-word abstracts. $1.00 members; $1.50 non 
members (See program page 897, Oct. SPE Journal). 

* Plastics in the Shoe Industry—St. Louis Section, 11 
papers, $3.00 members, $4.50 non-members. (See program 
September SPE Journal, page 820) 

*% Plastics in Packaging—Golden Gate Section, 12 papers, 
$3.00 members; $4.50 non-members. (See program, Octo 
ber SPE Journal, page 899) 


OTHER 1959 RETEC PREPRINT BOOKS 


* Vinyl Plastics—Cleveland Section, 8 papers. $2.50 mem 
bers; $3.75, non-members. (See program, SPE Journal, 
August, 1959 issue, p. 745). 

* Plastics Finishing—Buffalo Section, 4 $2.00, 
members; $3.00 non-members. (See program, SPE Journal 
September, 1959 issue, page 823). 

* Encapsulation, Printed Circuits, and Fluidized Bed Pro- 
cesses—Northern Indiana Section, 15 of 23 papers presented. 
$3.00, members; $4.50, non-members. (See program SPE 
Journal, April, 1959, p. 319). 

* Plastics in the Automotive Industry—Detroit Section, 
4 papers, $2.00, members; $3.00 non-members. (See pro 
gram SPE Journal, May, 1959, p. 443). 

* A Designer's Look at Reinforced Plastics from the Pleas 
ure Boat, Aircraft and Missile Industries Viewpoint—North 
Texas Section, 6 papers. $2.00, members; $3.00, non-mem- 
bers. (See program SPE Journal, April, 1959, p. 324). 

* Plastics in the Metals Industries—Pittsburgh Section, 10 
papers. $3.00, members: $4.50, non-members. (See program 
SPE Journal, April, 1959, p. 324 


SPE PLASTICS ENGINEERING SERIES 


Vol. Il—Processing of Thermoplastic Materials, 705 pages 
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Vol. I—Quality Control for Plastics Engineers. $3.98, mem 
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$12.50, non-members. Single preprints of individual papers, 
Vol. V, while they last, $0.25 each, members; $0.40 each, 
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Please address orders to 


Society of Plastics Engineers, Inc., 
65 Prospect Street, Stamford, Conn. 


SPE JOURNAL, MARCH, 1960 





MUEHLSTE/N 
for 


VIRGIN, 
SECONDARY 
and REPROCESSED 
MOLDING POWDERS 


eNYLON 

e ACETATE 
ePOLYSTYRENE 

e POLYETHYLENE 
eA.B.S. COMPOUND 
ePOLYPROPYLENE 

e BUTYRATE 

e VINYL 


REGIONAL OFFICES: 
Akron *Bostone ChicagoeLos AngeleseTorontoe London 


PLANTS AND WAREHOUSES: 
Akron @ Boston e Chicago e Detroit e Indianapolis 
Jersey City e Los Angeles e Louisville 


11 OTHER DISTRIBUTION CENTERS THROUGHOUT THE COUNTRY 





Look 
for these 
helpful 


articles 
in the MARCH ISSUE of 
MODERN 
PLASTICS 


Coming in April: 


Polypropylene —A Product Evaluation. With polypro- 
pylene expected to hit the 500 million mark by 1963, from its 
current point of 30 million pounds, the question is; where is 
it all going? This article analyzes 9 major markets by pin- 
pointing the reasons for success in specific applications. Based 
on this market analysis, polypropylene may well attain 
1-billion lb. per year proportions by the end of the 1960s. 


Large Size Parts With Low Cost Tooling. Markets for 
polyethylene and other resins are forecast, with the intro- 
duction of the Engel process to the United States, for making 
large size items. This article gives step-by-step procedure of 
the process which involves the fusion of finely-powdered 
material against walls of sheet steel molds, without the use 
of pressure. 

Ford Goes To PE for Side Shields. By replacing steel 
with high-density polyethylene for seat shields, Ford engineers 
achieved a parts cost reduction of 33%, a weight saving of 
nearly 3 lbs. per car, plus superior performance. This story 
describes complete molding details, from experimental test 
runs to full production, including mold design, gating and 
cycles. 

Tumbling Thermoplastics. Tumbling, generally used to 
finish thermoset moldings, can also be effective with many 
thermoplastics. Article tells what media are available, what 
they accomplish, the relationship between tumbling time and 
finish, effect of barrel size, what types of loading are best, etc. 
Rheological Study of Vinyl Calendering Compounds. 
Viscometer readings can be predicted with reasonable accu- 
racy from empirical relations involving molecular weight 
and plasticizer content. From it can be derived the optimum 
operating conditions for calendering plasticized viny] 


compounds. 


Plus many interesting “applications” 
stories not listed here. 


The Economics of Coloring Plastics. Questions on the re- New 1960 Encyclopedia Issue 


spective advantages of: dry coloring, master-batching, post 
molding painting —and dyeing, are the subject of this The 1,242-page MODERN PLASTICS ENCYCLOPEDIA 


feature. 


Vacuum Hopper Extrusion of PVC Dry Blends. Until re- 
cently, porosity and rough surface have frequently pre- 
cluded the use of dry blend extrusion. This article discusses 
the economies and versatility of this process which now 


IssuE for 1960 furnished subscribers with a wealth 
of valuable working information...through its 
articles, Buyer’s Directory, charts, diagrams and 
tables. The Encyclopedia is the most inclusive, most 
authoritative reference work on plastics available. 


can be fully realized through use of the vacuum hopper. 


Fabricating Laminates. A major user presents here, in 
great detail, the latest techniques for machining high- 


pressure laminates. 


A BRESKIN PUBLICATION 
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Product-Design 
BRIEFS 
from Durez 


ARGONNE WAT 


PHENOLIC PORTHOLES? 
WHAT NEXT! 


Atomic engineers have found a good way 
to seal those big gloves that handle pluto 
nium and its deadly cousins in inert-at 
mosphere chambers 

The port you see here does this critical 
job well. It is compression molded of a 
Durez medium-impact phenolic. It doesn’t 
leak. It also resists shock, corrosion and 
heat. Its smooth surface won’t snag the 
rubber glove. And it is economical: metal 
inserts can be molded right in. Except 
for polishing off flash, it’s all finished when 
it comes off the press. 

Have you looked into atom-age pheno 
lics lately? They're better, more versatile 
than ever. To see what they can do for 
you, check the coupon for our Bulletin 
D400. It lists properties, uses, advantages 
of many interesting Durez compounds 


PUT THE BRAKES ON HEAT 


No, this isn’t a magic powder you sprinkle 
on a product to make it resist heat. It is 
a material—Durez phenolic resin—that’s 
used in scores of products as a bonding 
agent to impart controlled degrees of heat 
resistance. 

Brake linings are just one example 
Some others: electronic resistor coatings, 
shell molds and cores for foundry use and 
automotive generator brushes 

For heat resistance at low cost, you just 
can’t beat phenolic resin. If you have such 
an application, write us the details and 
we'll gladly try to help you as we have 
helped many others 


Phenolic molding compounds 
illustrated bulletin describing uses 


ples, please use business letterhead.) 


BRIGHT IDEA: 
PLASTIC-METAL MIRROR 


Metallized phenolic saves a costly produc- 
tion step in this housing for a microscope 
lamp. 

In place of a custom-made reflector, the 
molded phenolic housing has an alumi 
num mirror deposited right on it by vac- 
uum metallizing. 

The Durez compound chosen for this 
part has the right surface for metallizing, 
and incorporates high impact strength, 
low thermal conductivity. 

You'll find many helpful ideas like this 
in Durez Plastics News, special bulletin 
mailed periodically to thousands of prod- 
uct-design men. A check mark on the cou- 
pon will bring News to you faithfully. 


a 


ais 
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For more information on Durez materials mentioned above, check here 
descriptive Bulletin D400 
Durez Plastics News—mailed periodically 
Clip and mail to us with your name, title, company address. (When requesting sam 


Phenolic resins— 


DUREZ p.iastics DIVISION 


1103 WALCK ROAD, NORTH TONAWANDA, N. Y. 
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HOOKER 
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No need to take chances. Argus has the answers 
that will spare you costly mistakes. 


Day 


evaluates countless vinyl compounds to bring 


after day, Argus researches, tests, 
you stabilizers and plasticizers that make your 
products perform as you want them to 

The solution to special vinyl problems and 
better and more economical solutions to stand- 
ard problems (heat and light stability, sulphide 
staining, outdoor weatherability, and others) 


are constant goals of Argus research. 


ARGUS CHEMICAL 


CORPORATION 


Main Office: 633 Court Street, Brooklyn 31, N.Y. 


ve owney, California; Philipp Bros 
33, Rue d’Anderlecht, Drogenbos, 


Chemicals, Inc., 
Belgium 


10 High St 
Lankro Chemicals 


ARGUS LOOKS BEFORE YOU LEAP! 


Largest producer of vinyl stabilizers and 
plasticizers in the world, Argus has the specia! 
ized facilities and personnel needed for such 
intensive, Argus has pio- 
neered the field, and its Mark stabilizers and 
Drapex plasticizers are steadily setting new 


creative research. 


standards for the industry. 

You will find that it pays to get all the 
answers before volume production. Call or write 
to Argus for consultation, technical bulletins, 


samples. 


New York and Cleveland 


Branch: Frederick Building, Cleveland 15, Ohio 


Montreal 
England 


Boston; H. L. Blachford, Ltd., 977 Aqueduct St 
Ltd.; Salters Lane, Eccles, Manchester, 
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‘i term, cure, embodies in a single word 


a number of meanings. Generally these differ 
for different people. To the craftsman con- 
cerned with turning out molded parts from 
a press it means a definite temperature time 
cycle coupled with certain press manipula- 
tions. The polymer chemist prefers to think 
of cure in terms of degree a polymerization 
and crosslinking even though their measure- 
ment may be relatively difficult and only ap- 
proximate. Cure is an all embracive term and 
it has been discussed from a number of 
points of view. One aspect of cure which 
appears to be relatively important has not 
received the attention it deserves. 

This paper invites attention chiefly from 
those concerned with converting the molding 
compound and fabricating useful molded 
parts. This includes the original designer of 
the part and the mold engineer. Projecting 
oneself into their position of creative think- 
ing and assuming that the plastic to be used 
has been selected, it seems probable that the 
various considerations involved in arriving at 
the final molded part receive preference in 
the order of: the outward form and decora- 
tive appearance, the mechanical properties, 
particularly strength required of the piece, 
the general and detailed design of the mold 
including its type, compression or transfer and 
as a final detail, probably to be worked out 
with the initial parts produced, the molding 
and cure port Certainly considerable 
thought has been given to securing uniform 
flow throughout the part but has the question 
of uniform cure throughout received atten- 
tion? 


Measurement of Cure 


In defining cure in terms of practical use- 
fulness, we generally mean that the plastic 
has been brought in the process of conversion 
to an apparently perfect molded form or at 
least a useful one. The molder recognizes that 
cure represents some desirable stopping point 
in the conversion process. He is necessarily 
interested in producing the most de sirable 
combination of properties in the shortest 
time. 


The subject of cure has been treated from 
different viewpoints (1). Various methods 
have been proposed for its measurement and 
a number of them are in current use. These 
are based on both chemical and physical 
measurements. Suggestive of their variety are 
the percent acetone extractives for phenolic 
resin, hot needle identation test (2) and 
mechanical damping and shear modulus 
measurements 


This paper deals exclusively with melamine 
Two applicable tests will be dis- 
cussed here, namely weight increase through 
immersion in boiling water and the “acid 
boil” test (3). Both offer the advantage of 
simplicity, only usual laboratory equipment 
being required. Amino resins in the molding 
compound stage are largely water soluble and 
become near completely insoluble as they are 
polymerized with heat. Attack by boiling 
water on the molded surface and measure- 
ment of the weight increase of the part are 
two convenient ways of recording degree of 
cure through the degree of resin insolubility 


resins. 


OF PLASTICS ENGINEERING 
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This article adapted from a paper presented at the 16th ANTEC—Chicago—January, 1960. 
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attained. Weight increase is due to soluble material retained 
in the plastic which exerts an osmotic pressure and it there- 
fore measures the degree of solubility indirectly. Attack 
by boiling 0.8% sulfuric acid is somewhat more severe in 
its action than boiling water probably involving hydrolytic 
attack. This test therefore offers a greater factor of satety 
in judging the plastic’s cure. Figures 1 and 2 reveal how a 
cellulose filled melamine plastic derived from CYMEL 1077 
molding compound (9) withstands these two tests in the 
course of cure. Discs four inches in diameter and of the 
indicated thickness were used for these two tests. They were 
molded from cold granular material. This is true also for 
all other test moldings referred to later except where noted 
otherwise. All temperatures are °F. In these two figures at 
tention is drawn not only to variation in property with cure 
time but also to the variation due to thickness of the molded 
The thinner the specimen the faster the cured state 
is reached. The water absorption test supplies a numerical 
value related to degree of cure which the acid attack test 
does not unless some accessory scale for degree of chalking 


part 


in the undercured region is set up. Both tests can be used 


sho 


a 
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Figure 2. 
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to advantage in setting a correct cure cycle in the press for 
a molded melamine part. The boiling water test shows a 
relatively sharp transition between undercure and normal 
cure, a leveling out in the region of normal cure and then a 
tendency to rise with prolonged cure which is probably as- 
sociated with depolymerization. The different levels of ab- 
sorption for different thicknesses of test piece suggest a skin 
effect in this test. The trend of values for the 1/16” thick- 
ness has been confirmed in replicate testing. It suggests 
that the whole thickness of the specimen in this case has 
been affected, that a secondary cure or chemical relaxation 
in the water test and its effect is superimposed on that of 
primary or mold cure. Although not supplying any numerical 
value for degree of cure the sulfuric acid boil test because 
of the sharp demarcation between chalking and non-chalk 
ing serves as a very useful acceptance test. 
Relationship of Properties to Cure 

Keeping in mind the region of normal cure or cure tim« 
established by these two tests for different thicknesses of 
the plastic, one can proceed to establish for this cure region 
the test levels for important properties and how these values 
vary with cure time and the thickness of the test part 


Three Viewpoints on Cure 


Molder 


( 


Polymer Chemist 


( 


Designer and Mold Engineer 


f ; 
\ e) 


The degree of cure of a molded thermosetting part will 
depend on the rate of cure which is built into the molding 
composition, on the molding conditions and the design of 
the part itself. The cross sectional thickness will influence 
for example the rate of transmission of thermal energy from 
the mold. The molding conditions can be easily standardized 
The relationship of properties to degree of cure of the plas- 
tic may then be explored in order to determine (1) the 
general pattern of these relationships and (2) where prop 
erties can be conveniently measured in relation to thickness 
the additive effect of the natural cure rate and the thick 
factor. Before proceeding to the data, attention is 
called to the molded part shown in Figure 3, a coffee cup 
to illustrate how differences in thickness of part can creep 
into the design 

The tests for degree of cure treated earlier, namely water 
and acid boil, reveal the transition from undercure to normal 
cure. Other test properties also show transitions as normal 
cure is approached. Flexural strength and modulus were 
determined according to ASTM D790-58T on % x % 
inch bars, impact strength method 

ASTM D256-56 on % x % x 5 inch bars. In 
connection with these tests, the effects of high fre- 
quency preheating and annealing normal 
ing were explored. Their magnitude will be evident from 
Figures 4, 5 and 6. The major trends, however, were noted 
in the general level of test values with cure. Flexural 
strength, for example, rises with progressive cure and then 
levels off. Impact strength, on the other hand, appears high 
est in the undercured region, values then decreasing some 
what to a lower level. Interpretation of a number of the 
changes which appear in Figures 4,5 and7 have been made 
in terms of primary and secondary valence forces, gr« wth of 
molecular chains and cross-linking (4). With respect to 


ness 


x 3 according to 


C of 


versus cool- 


SPE JOURNAL, MARCH, 1960 














20,000F 
FLEXURAL 
STRENGTH 
L8S./SQ. IN 
(73°F) 1g.000} 


WA 








NC ~ NORMAL COOLING 


re] 


5 ) 
RE — MIN °F 
CURE Ss. 310 NC 





L i 








HF —HIGH FREQUENCY PREHEATED 5 10 


Figure 3. 
Early tableware 


cup design as related to cure 
impact strength, it appears that secondary valence forces 
such as hydrogen bonding are a dominant factor. The mod- 
ulus is apparently influenced by the free condensation water 
remaining in the molded piece since it acts as a plasticizer 
his is also a factor for certain electrical properties such 
as dissipation factor and dielectric constant since test values 
can be altered by condi 
Cure Depends on tioning the molded piece 
Tests serving as a_ basis 
for the data presented in 
Figures 7 and 8 included 
ASTM D648-56 (264 psi 
for deflection temperature 
under load with % x % x 
5 inch bars, ASTM D495 
58T tor are resistance 
ASTM D48-54T for di 
electric strength short 
time test, 81°F.), ASTM 
D150-54T for dissipation 
electrical 


can Aftect 


Lure 


factor and dielectric constant at 60 cycles, all 
tests with 4 inch diameter discs % inch thick. 
Dimensional change in relation to cure time and also to 
thickness of part is treated in Figures 9-11. Many factors 
have a bearing on shrinkage. This is brought out particularly 
well in a discussion of mold shrinkage in relation to pheno 
lic resins (5). Both mold shrinkage and aging shrinkage 
will be considered here. Aging shrinkage ordinarily will 
be governed by the thermal and atmospheric conditions and 
period of exposure. For the present purpose a single set 
of test conditions only, i.e 
followed. This test using 
described in ASTM D1299-55 
Referring to Figures 9 and 10 it will be noted that mold 
shrinkage decreases with cure time whereas aging shrink 
age increases. The additive effect is shown in total shrinkage 


48 hours exposure at 220° has 


4 inch diameter discs is 


been 
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Figure 6. |mpact strength as related to cure 
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Figure 4. Flexural strength 


Figure 5. Flexural modulus and cure 
7. 


in Figure 11. The extent of change in aging shrinkage with 
cure time and also with thickness is likely to be much 
greater than is the case for mold shrinkage. This is indicated 
by the results in Figures 9 and 10. The large differences in 
aging shrinkage for different thicknesses at any single cure 
time may be quite significant 

When these different thicknesses are embodied in a single 
molded part as a result of design, a situation exists which 
may have undesirable consequences. In order to clarify this 
point, it should be realized that a molded thermoset part, 
a test bar for example, is characterized by a distribution of 
stresses from the moment it is made. Several studies have 
appeared which emphasize this (6, 7, 8) 
arise from a differential in dimensional change due to aging 
or thermal treatment within regions where the plastic 
changes in thickness. When these are superimposed on the 
initial stresses, it can be visualized that the resultant forces 
may locally surpass the mechanical strength with resulting 
release through crazing or cracking 

In order to investigate this possibility further, a study 
was made of the relationship of design to the ability of 
the plastic to withstand thermal shock. In this study three 
different coffee cup designs were considered Representative 
of each of these, a series of replicates were molded over a 
range of cure times or degree of cure. Molding conditions 
were not necessarily identical for all three groups of cups. 
All were molded, however, from high frequency, prewarmed 
preforms at 322-330°. Within each group, conditions were 
constant except for cure time. In the thermal shock test the 
molded part is immersed in oil at 300°F. for 5 minutes, 
quenched immediately in water at 65 to 70°F. until cool 
for one cycle. This is then repeated for 9 cycles or a shorter 
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Figure 7. Deflection temp. under load 
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Figure 8. Electrical properties and cure 


In Figure 12 the three cup designs are shown. All three 
failed ultimately in various degrees. It became apparent 
beyond any doubt from the statistical data that the number 
of failures increased as the lengthened. This is 
illustrated in the graphs of Figure 13 in which the average 
number of cycles which a series of replicates survived in 
the test is shown. More importance, however, is attached to 
the areas where failure occurred. Almost invariably this 
originated in certain areas of the handle and base 

The patterns of failure for the different cups in the group 
had much in common. This might be expected in view of 
the similarity of certain design features. Some failure dif 
ferences were also noted with respect to: | the area where 
cracking originated, 2. the frequency of cracking in certain 
areas and 3. the severity of cracking. While these differences 
were not evaluated rigorously from a statistical point of 
their 
with the overall evidence 

Referring to Figure 12, Designs 1, 2 and 3, it will be 
noted that certain areas where cracking is most likely to 
occur are identified by letter. In Table I the failure pattern 
is detailed in terms of the areas where failure actually oc- 
curred. Test results for each of the designs is given. Instead 
of presenting all of the data which included many instances 
of non-failure, only representative data are listed. Thres 
to five test cups for each of several cure times, are covered 


cure 


view occurrence appeared significant and consistent 
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Figure 9. Mold shrinkage as related to cure 
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Figure 10. Aging shrinkage and cure 


The data given are chiefly for intermediate cure times wher« 
the failure is likely to be reasonably consistent from piece 
to piece with respect to test cy« le 

In all cases cracking originated in the thicker portions of 
the handle and base of the cup. Occasionally it extended to 
adjacent areas. Cracking failure apparently is not associated 
with welding of the plastic in the handle. Failure in the base 
as well as the handle, where the cross-sectional thickness 
suddenly becomes excessive, certainly draws attention to 
differences in cure associated with differences in thickness 
as the initial condition for cracking. Among those properties 
which have been measured in relation to cure, dimensional 
change and the differential in dimensional change with de 
sign, must be looked upon as suspect. By originating and 
concentrating stresses in localized regions the force pattern 
for failure can be set 

In order to reduce and possibly eliminate failure by 
cracking in certain critical regions of the molded object 
uniform cure throughout should be sought. This can only 
be achieved in the design of the part. Recognizing that mold 
design, cost and operation may place certain restrictions on 
the part design, the nearest practicable approach to uni 
form cure throughout should be the objective 
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Figure 11. Total shrinkage and cure 
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Figure 12. Three designs showing where cracking is 
most likely to occur. See Table for data 
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Table 1. Areas of Cup Failure in Thermal 
Shock Test 
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Notes 

* Underlining indicates particularly severe cracking 
* For 2 minute cure, of 5 cups: 3 no failure in 9 

cycles; 1 failure in 6 cycles (B); 1 failure in 7 cy- 

cles (A B C) 
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New polymer system means 
greater flexibility of use 
and applications for vinyl 


Favorable Features of Vinyls and Acrylics Combined 





resins. Check these points: 


@ improved processing 

2 good plasticizer 
compatibility 

@ increase in notched impact 
strength 

@ extrusion from powder 
blends 

@ very thin gauge sheets can 
be made 
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| he impressive growth of rigid vinyl products in the 
plastics industry during the last few years has stemmed 
from the use of vinyl chloride/viny] acetate copolymers or 
lower molecular weight homopolymers than commonly used 
in plasticized PVC, and the development of improved pro- 
cessing techniques for rigid vinyl. With proper compound- 
ing and processing ( 4B many types of products have been 
developed which are expected to account for an annual 
multi-million pound consumption of vinyl resins in the near 
future (2 

Semi-rigid or lightly plasticized vinyl, containing approx- 
imately 20% plasticizer, is less familiar to the plastics in- 
dustry, though this class of materials is of commercial im- 
portance in some applications 

As we attempt to apply additional perspective to rigid 
and semi-rigid vinyl, a few easily discernible limitations 
can be recognized among the numerous advantages of 
these materials. In the case of high molecular weight homo- 
polymers particularly, melt and flow characteristics at “sta- 
ble” processing temperatures leave something to be desired, 
since PVC softens only gradually over a broad temperature 
range. Low molecular weight homopolymers result in easier 
processing but at the expense of heat stability and/or cer- 
tain physical properties of the final product. Vinyl chloride 
vinyl acetate copolymers exhibit relatively low melt vis- 
cosities, resulting in very good processing and fabrication 
but at the expense of heat stability and soften- 
ing (or heat distortion) temperature. Moreover, products 
made from either unmodified homopolymers or copolymers 
are deficient in notched impact strength 

[he compounding materials which are generally avail- 
able for solving the processing problems encountered with 
rigid or semi-rigid vinyl have been limited mostly to such 
ancillary materials as lubricants, stabilizers, fillers, etc. Mate- 
rials available for improving the notched impact strength 
of the vinyl family a minimum change in 
the advantageous properties of vinyl, are of a still smaller 
scope. The aforementioned growth of unplasticized vinyl 
testifies to what has and can be accomplished by expert 
compounding and processing techniques, despite the limita- 
tions cited. Nevertheless, those knowledgeable in the art 
of compounding are the first to recognize the need for new 
approaches to the formulation of rigid and semi-rigid vinyl 
One such approach, and the subject of the present paper, 
involves basic modification of vinyl resins by admixtures 


with acrylic polymers 


behavior 
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Vinyl! Chloride/Acrylic Ester Copolymers 

Interest in combining the favorable features of vinyls 
and acrylics was first shown in work done in Germany, and 
later in this country, on copolymers of vinyl chloride and 
acrylic esters. Riddle has reviewed this work (3), in which 
principal interest was shown in vinyl chloride: methyl acry 
late resins. Although several commercial products based on 
vinyl chloride/acrylic ester copolymers were developed in 
Germany, the American work did not lead to products 
competitive to vinyl chloride/vinyl acetate copolymers. In 
common with the latter products, improved processing 
characteristics over those of vinyl chloride homopolymers 
were attained at the expense of heat distortion temperature 
and heat stability. Additionally, vinyl chloride /methyl acry 
late copolymers in particular were found to be inferior to 
vinyl chloride ‘vinyl acetate copolymers in brittle temper 
ature at equal hardness 


Improved Processing Resins 

Subsequent to the American and European development 
of vinyl chloride copolymer resins, there was continued 
recognition (4) of the need for vinyl systems characterized 
by improved processability, without a sac rifice in heat dis 
tortion temperature, heat stability, and the principal in 
herent properties of vinyl chloride homopolymers. During 
the past few years vinyl chloride homopolymers of relatively 
low molecular weight have been promoted as one approach 
to the objective of better processing vinyl homopolymers 
The molecular-weight-reduction approach, however, (ex- 
pressed directly in terms of intrinsic viscosity) results in 
some reduction in heat distortion temperature, as shown 
in the following table 

Along with a lower H.D.T., the unplasticized lower mo 
lecular weight vinyl chloride homopolymers also exhibit rel 
atively poorer oven heat stability. 


Acrylic Polymer Processing Aid for Vinyl Resins 

\ more recent commercial approach to the objective of 
easier processing vinyl systems, without sacrifices in the 
properties mentioned, is the modification of vinyl resins 
by admixture with an acrylic polymer.* As pointed out else- 
where (5), vinyl chloride homopolymers have the disad 
vantage of softening over a wide temperature range, while 
not attaining a readily flowable condition until temperatures 
are reached at which thev are stable for only a short time 
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This article adapted from a paper presented at the 16th ANTEC—Chicago—January, 1960. 
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In this respect PVC markedly different from 
acrylic polymers, which are characterized by comparatively 
excellent flow and heat st: ibility properties. In addition, it 
is commonly known that the heat distortion te mperatures 
of acrylic plastics are significantly higher than those ex 
hibited by the higher molecular weight PVC 
oretically, therefore, the acrylic polymers as a class repre 
sented logical modifiers for polyviny] chloride resins 

Initial research along this line 
conventional acrylic ~ rs were unsuitable 
processing aids for PVC. Fluxing of conventional 
polymers in PVC at the range of temperatures pe ‘rmissible 
with commercial high and low molecular weight vinyl homo 
polymers was found to be inade quate. Moreover, certain 
acrylic polymers were found to be incom patible with PV¢ 
A further restriction was the need for a high degree of 
processing aid efficiency in the acrylic modifier, in order to 
permit the use of small concentrations. This was considered 
important not only for reasons of economy but to avoid 
detraction from such inherent properties of PVC as chemical 
stability and non-flammability 


resins are 


resins. The 


that 
as improved 


soon made it clear 


acrylic 


Special Type Acrylic Polymer 

Continued research on the acrylic polymers resulted in 
the development of a product which has retained the basic 
property advantages of this class of resins, but which is 
noticeably superior to the conventional acrylics in ease of 
fluxing in PVC over the range of processing temperatures 
used for the Moreover, the resin 1S 


various grades com 


Figure 1. Effect of Acrylic Resin Modification of PVC 
on Rolling Bank. Top, Unmodified High Molecular 
weight PVC. Bottom, Modified With Acrylic Proc- 
essing Aid 

1960 


SPE JOURNAL, MARCH, 


Table 1. Effect of Reduction in Intrinsic 
Viscosity on Heat Distortion Temperature of PVC 


Intrinsic Viscosity Heat Distortion Temp. 


°C. “7. 


160.7 
52.6 


1.1] 71.5 
0.67 67 ] 


N. B. The HDT of a 90/10, VC/VAc copolymer is 
63°C. or ca. 146°F 


Determined in cyclohexanone at 30°C 
264 psi outer fiber stress—-ASTM Method 648-45T 


pletely compatible with all grades of unplasticized viny] in 
common use. It is most 
equivalent to 5 to 10% replacement of the vinyl resin. In 
iddition, vinyl modified with the processing aid at 
these concentrations shows plasticizer compatibility which 
that of the unmodified vinyl 


frequently used at concentrations 
acrylic 


is generally comparable to 
resins 

Che gross effect of the 
an unplasticized PV( 


modifier on the 
homopolymer 1S 


ac rvlic proce ssing 
characteristics of 
which shows modified and unmodified 
vinyl being roll temperature of 350°F. The 
markedly improved flow attributable to incorporation of 
the acrylic resin is apparent in a better rolling bank and a 
completely knit band along the edges of the rolls. A some 
advantage for the PVC 
occurs in moderately and highly plasticized com- 
30 to 60 pph of total resin) 
While the processing 
plasticized and unplasticized resin, as well 
of PVC, the degree of improvement in a 
given resin becomes more demonstrable it is needed 
most, viz. in the higher molecular weight vinyl resins 
Consistent with the improvement in processing shown in 
is the fact that fluxing time of the modified viny] 
is relatively less than that of the unmodified resin 
\s just noted, the processing improvement by 
modification is not specific to a particular grade of PV 
Similarly, it is not specific to a particular processing opera 


evident in Figure 1 
milled at a 


what similar processing acrylic 
system 
pounds (e.g 


both in 
any molec 


unprovement in occurs 
as in 
ular weight grade 
where 


Figure 


acrylic 


tion such as milling 


Effect of Acrylic Processing Aid on 
Properties of PVC 


In general, the acrylic PV( 
objective of effecting an improvement in processing without 


Table 2 


3 sum 


modification of meets the 
sacrificing important properties in the final product 
and Table 


lists typical data on physical properties, 
and unmodified 


marizes immersion test results on modified 
PV( 

It is evident that the amount of acrylic polymer required 
to effect a significant improvement in processing character- 
istics of the vinyl homopolymer does not detract from most 
of the benzene ex 
traction and volume affected 
by the modification 


High Impact PVC 


The low notch impact strength of rigid vinyl has been 
cited ¢ 
This limitation has been the object of intens« 
the resultant development of a widely accepted high im- 
pact rigid vinyl compound. (2, 6). The achieved 
by this product has adequately established the importance 
of modifying vinyl resins to impart high impact strength. 


properties examined. Exceptions are 


resistivity, which are somewhat 


acrvlic 


is one of its few but nonetheless serious shortcomings 
study, with 


success 
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Table 2. Physical Properties of Rigid Vinyl Compounds Modified 
with Acrylic Polymer 


HDT (264 psi) 
Resin System a A “7 


High Mol.Wt.PVC 
100% PVC 
90/10 
PVC/Acrylic 
Low Mol.Wt.PVC 
100% PVC 1.4 
90/10 1.36 
PVC/Acrylic 


Vol. Res. 

/90°C. 

om.cms 
X10" 


Izod 
Impact 
Ft.Ibs. / 


in. notch 


Flexural 
Strength 
psi X10° 


Flex. Mod. 
psi X10° 


Heat Stab. / 
350°F. (Hrs.) 


0.6 
0.6 


Note: All compounds contained 2 parts tin mercaptide/ 100 parts resin 


Che projected growth curve for high impact rigid vinyl, 
and the potentially increased importance of cost, serve to 
emphasize the need for materials which can be _ utilized 
directly by the resin processor, and the need for compound- 
ing information on high impact vinyl systems 

The foregoing needs of the vinyl industry constituted 
important reasons for additional research on acrylic poly- 
mers as high impact modifiers for vinyl. This has led to 
the commercial development of a second acrylic product® 
for vinyl resins, described as a modified acrylic polymer and 
particularly intended for use in unplasticized vinyl homo 
polymers and copolymers, as well as in lightly plasticized 


vinyl formulations 


Technical Considerations in the Development of 
High Impact Rigid Vinyl 

Prior to specific consideration of factors governing high 
impact vinyl/acrylic systems, some general considerations 
ot impact strength will serve as pertinent background in- 
tormation 

heoretical and empirical investigations of this property 
of materials have been extensive. It is, of course, beyond the 
scope of this paper to consider the application of all of this 
information to high impact vinyl but for the above stated 
purpose of perspective certain points are noteworthy 

In one of the most capable reviews on impact testing, 
Lethersich discusses the two fundamental types of impact 
1) ductile or tough fracture, associated with 
shear strain, and (2) brittle fracture corresponding to uni- 
form dilatation. He further points out that “the type of frac 
ture that will take place under a given set of conditions is 
determined by (a) whether the shear strength or brittle 
strength is exceeded and (b) by the ratio of the triaxial 
tension to the shear stress, or spatial stress ratio as this is 
often 
tough fracture and low impact strength with brittle frac 
ture. It is found in practice that brittle fracture is liable 
to occur at low temperatures or when materials are sub 
jected to sudden shock.” 

Lethersich also calls attention to the fact that the spatial 
stress ratio can be increased by notching specimens and that 


failure, viz 


termed high impact strength is associated with 


such a procedure simulates the effects of certain severe 
conditions such as low temperatures and very high impact 
velocities. He attaches considerable importance to the avoid 
ance of brittle failures (as opposed to ductile failures) 
Lethersich’s work is mentioned because of its fundamental 
importance per se, but also because it is at least partially 
applicable to the subsequently reported information on PV(¢ 
modified with acrylic polymer for high impact strength. 


* Acryloid KM-227—Rohm and Haas Co 


A recent review of impact testing (8) exclusively di 
rected towards thermoplastic materials is also worth citing 
as perspective for the presently reviewed information. The 
relative merit of the Izod notched impact test and falling 
weight test receive particular attention in studies made on 
several commonly known plastics, including normal and 
high impact PVC. The authors mention that notched bar 
tests apparently agree well with experience ratings of 
articles of complex shape. Falling weight tests are reported 
to agree well with experience ratings of materials “used 
in large plane or gently curved sheets—panels, ducts in 
chemical plant, etc.” With specific reference to high impact 
PVC, the conclusion is reached that this material permits 
general application with no particular emphasis on design 
(at the service temperature intended ). 

In another comment on the importance of notched im 
pact tests, Byers (9) noted that rapid changes of cross 
section are to be avoided in designing products made from 
notch sensitive materials. He further commented on the 
need for high notched impact strength in threaded PVC 
pipe 
Experimental 

The processing procedure used in compiling most of the 


present information involved hot milling and molding. When 
maximum impact strength was indicated, checks were made 





— 


dawn 
PERCENT ACRYLIC POLYMER 


Figure 2. Effect of “High Impact” Acrylic Polymer 
Concentration on |zod Impact Strength 
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Table 3. Per Cent Change in Weight After 
Chemical Immersion of Rigid Vinyl! Compounds 
Containing Acrylic Polymer Modifier 


(2 Weeks/78°F.) 


50% 
NcOH 


System CCi, Ethanol 


Hexane Benzene 


100 % 
PVC 
90/10, 
PVC/ 
Acrylic 


0.0 480 00 0.0 0.0 0.0 


0.0 63.6 0.0 0.0 0.1 0.1 


on extruded sheets and these were found to verify the high 
strength of formulations arrived at via the milling and mold 
ing procedure. 

Izod test specimens were prepared at the minimum thick 
ness, 4 in., permitted by ASTM Method D256-47T which 
simulates better the thickness of profile extrusions than the 


maximum thickness permitted, i.e. % in 


Concentration of Acrylic Modifier -vs- 
Notched Izod Impact Strength of Vinyl 


One of the more spectacular technical features of high 
impact vinyl made by acrylic modification is the sharp 
sensitivity of notched impact strength to concentration of 
the modifier (Figure 2). Replacement of 10% of the PV(¢ 
resin with the acrylic modifier results in a slight increase in 
Izod strength of the PVC resin involved. An additional re 
placement of 5% of the vinyl resin by the acrylic modifiet 
results in a spectacular increase in notched impact strength 
as indicated by the high Izod values at acrylic concentra- 
tions of 15% and upwards which form a high impact pla 
teau. The need for acrylic concentrations of 15% and greate 
with the PVC investigated is also indicated by the area out 
lined on the curve, representing the dispersion in test speci 
men values. It is possible to achieve very high Izod values 


with 12% acrylic—but very low values will be equally likely 


with some specimens 

Lethersich’s previously cited distinctions between brittle 
and ductile failures and corresponding impact strength apply 
to the vinyl/acrylic high impact materials. In the 15% to 
25% concentration the acrylic modifier, ductile 
failure and high impact strength consistently result. In the 


range ot 


PERCENT 


Figure 3. Impact Strength of Different Vinyl Resins 
Modified with High Impact Acrylic 


SPE JOURNAL, MARCH, 1960 


0 to 10% range, brittle failure and low Izod values occur. 
Che specimens containing between 10 and 15% modifier 
show a type of fracture that varies with impact strength as 
already indicated. 

Since other variables also will be shown to affect the Izod 
values, normally recommended concentrations of the acrylic 
modifier approximate 20% in order to allow for such vari- 
ations 

The sharp change in impact strength above the 10% 
acrylic concentrations appears to reflect a phase change in 
the vinyl/acrylic combinations. This amounts to the devel- 
opment of a heterogenous mixture when high or rapid stress 
is applied to vinyl systems containing the higher acrylic 
concentrations. All ductile failure/high impact specimens 
obtained therefrom are characterized by a whitened 
where fracture develops 


area 


Effect of Vinyl Resin on Izod Impact Strength 

[he interdependence of acrylic modifier concentration 
and nature of the vinyl resin is illustrated in Figure 3. Vinyl 
homopolymers with low intrinsic viscosities (low molecular 
weights) have correspondingly low impact strengths in 
straight vinyl systems. This is also reflected in the “high 
impact” ac rylic modifier/PVC combinations where lower 
plateau values” occur with the lower viscosity resin. More- 
over, a lower molecular weight resin will require a some- 
what higher concentration of the acrylic to reach its pla- 
teau. As with unmodified rigid vinyl, the selection of a 
particular vinyl homopolymer for modification with the 
acrylic resin will depend on the combination of processing 
and property requirements involved in making the final 
product 

When vinyl copolymer of the composition indicated is 
employed in making products with hig! Izod impact 
strength, the acrylic modifier requirements 
parallel those for low molecular weight homopolymer 


concentration 


Effect of Processing Temperature on 
Impact Strength 

In order for the acrylic modifier to impart high notched 
impact strength, the vinyl resin must reach a temperature 
consistent with its melting behavior. The relative processing 
temperature data obtained for two vinyl resins containing 
the acrylic modifier are shown in Figure 4. 


Processing Stability of Vinyl/High Impact 
Acrylic Compounds 

Che sine qua non in the preparation of high impact rigid 
vinyl products is processing stability. In order to determin« 
how well these high impact materials could withstand prox 
conditions, a stock was milled for 60 minutes at 


essing 


M N EMPERA 


Figure 4. Processing Temperature -vs- Impact 


Strength of Different Vinyl Acrylic Systems 
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M N ME IN MIN 


Figure 5. Effect of Processing Time on Impact 


Strength 
350° I The 


ot processing 


impact strength determinations as a function 


time are shown in Figure 5. 

While it is of paramount importance to formulate a high 
impact material which will withstand original processing 
is of economic significance to be able to re- 
work scrap material. The data in Figure 5 give indi 
cation of the ability of the vinyl/high impact acrylic com 
binations to maintain high impact after such re-working. In 
addition, impact determinations on such material extruded 
re-workability of vinyl 


conditions, it 
some 


several times have also shown the 


high impact acrylic compounds 


Extrusion of Rigid Vinyl From Powder Blends 
Pertinent to the discussion of processing characteristics 
of the high impact vinyl/acrylic materials is their ability to 
be extruded from powder blends. Extrusion of rigid vinyls 
process, but it has 
come to be of commercial significance in this country only 
recently. The lack of availability of uncompounded mate- 
rials designed for powder extrusions has been one reason 
responsible for this situation. This has been particularly true 
for high impact rigid vinyl. Field development work on high 
impact vinyl/acrylic compounds has resulted in high quality 


from powder is, of course, not a new 


powder blend” extrusions in twin screw as well as single 


screw equipment 


Permanence of Vinyl/High Impact 
Acrylic Compounds 

The expansion of applications for high impact vinyl will 
be particularly dependent on its durability. A preliminary 
assessment of this important property has been made in 
a vinyl homopolymer modified with the high impact acrylic 
resin. Figure 6 summarizes the data which have been ob 
tained so far 

The high de gree of 
obtained with a single low pigment formulation exposed 
indicates a 


vinyl 


impact retention which has been 


forces 


high 


to a variety of potential degradative 
high degree of 


ac rvlic 


permanence for the impact 


system 


Rigid Vinyl Compounds Containing Small 
Amounts of Plasticizer 

It is commonly accepted that the processing of essentially 
rigid vinyl products is facilitated by the use of relatively 
small quantities of plasticizer, e.g. 5 to 20%. It is 
nized that major improvements in heat and light stability 
can be obtained when epoxy plasticizers are used in such 
concentrations. Such lightly plasticized formulations should 
in applications which do not 


also recog 


be of therefore 
require the maximum in heat distortion temperature. Un 
fortunately, the approximate range of plasticizer concen 
indicated is characterized by a 


importance 


trations above noticeable 
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Table 4. Izod Impact Data on Plasticized PVC and 
PVC/High Impact Acrylic Compounds 


PVC/ Acrylic, 


Unmodified PVC" 80/20 


Concentration of 
Epoxy Plasticizer 0 10 20 QO 


Notched Izod, 
ft.lbs./in. notch C8 G2 Gs 2 a 
intrinsic viscosity 


10 20 


‘High molecular weight 


1.1] 


resin, 


embrittlement at room temperature, becoming increasingly 
worse with lower temperatures. 

Horsley (10) ascribes the effect to an incre ased degree 
of order or crystallinity which occurs with small additions 
of plasticizer. The plasticizer is assumed to give the chains 
sufticient mobility for orientation of the vinyl segments, with 
censequent crystallization. Changes in X ray patterns are 
shown to parallel the changes in physical properties of the 
vinyl compounds. 

Ghersa (11) proposes an explanation based on the con- 
cept that the plasticizer molecules produce a steric hin- 
drance and that (these molecules) “attached with a pola: 
group to PVC chains, could act as cross links”. He conce des 
that there are specific situations in which both explanations 
may be valid. 

in an additional reference to the embrittlement phenome 
Jacobson (12) singles out dioctyl phthalate and tri 
cresyl phosphate as being particularly severe in causing 
embrittlement in view of the relatively wide concentration 
range in which impact strength is impaired. He notes gen 
erally that in addition to concentration, “the influence of a 
particular plasticizer depends on its polarity and its solvat 
ing ability” (the higher solvating types being more severe 
He reduces the unfavorable phenomenon to application 
significance in (a) foils which easily split at low DOP 
concentrations and (b) rigid tubes and sheets which show 
a brittle character even with “minute quantities” of plas 
ticizer. Jacobson implies that important new fields of appli 
cation exist for vinyl if lightly plasticized vinyl can be freed 
of their embrittlement-caused limitations 


Lightly Plasticized High Impact Vinyl/Acrylic 
Materials 

Elimination of the brittleness problem that is fundamen 
tally characteristic of lightly plasticized vinyl, while taking 
advantage of the stabilization and processing roles of an 


non, 


SS 






































Figure 6. Impact Strength Retention of High Impact 
PVC-Acrylic 
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MILLING TEMPERATURE “F 

Figure 7. 350°F. Oven Stability/lzod Impact Com 
parisons 

an important objective in 
these studies on the high impact acrylic modifier 


epoxy plasticizer, comprised 

A high molecular weight vinyl homopolymer and the 
same homopolymer modified with 20% high impact acrylic 
used for this work. A mixed cadmium barium 
acid soap containing an organic inhibitor was used 


resin were 
fatty 
in conjunction with an added inhibitor in all compounds 


Heat Stability and Processing Characteristics 

The relative oven heat stability of unplasticized vinyl and 
high impact vinyl/acrylic containing 10% of an epoxy plas 
ticizer® is shown in Figure 7. These two combinations were 
selected to illustrate the extremes of the 
pact strength and heat stability which were obtained in 
the investigation of the lightly plasticized systems. Un- 
modified vinyl containing 10% pl: isticizer has been excluded 
because its impact strength is lower than the unplasticized 
vinyl (more complete impact data are Table 4 
High impact vinyl/acrylic without plasticizer shows oven 
heat stability resembling that of the normal impact vinyl 
and therefore it has also been excluded from Figure 7. 

It is evident that the 
totally different on two of the critical properties of rigid 
vinyl, viz. heat stability and notched Izod impact strength 
rhe lightly plasticized high impact vinyl/acrylic compound 
represents a significantly new type of product in 


combination of im 


» shown in 


two rigid vinyl compounds are 


therefore, 

the class of rigid vinyl materials 
Rolling bank observations (at 350°F 

showed the expected processing advantage for the 


mill temperature 
plas 
ticized high impact vinyl/acrylic over the unmodified and 
Extrusions of the plasticized viny] 
and quality compared to 
relative 


unplasticized vinyl. 
acrylic also indicated superior rate 
the control compound. A detailed 
contributions of plasticizer and acrylic 
proved processing showed the former contributing princi 
pally to rate latter primarily to 
quality improvements. 


Detailed Impact Data 

Table results of the 
pact tests, which verify the reduction in impact occurring 
from the addition of 10 to 20% plasticizer. The impact data 
on the acrylic modified vinyl are in a completely different 
class. The lower Izod values shown for the plasticized 
acrylic/vinyl compounds are more of academic than prac 
tical significance because of the high level of impact strength 
involved. However, it should be mentioned that these rela 
tively lower values (compared to the unplasticized acrylic 
modified vinyl) are not explained by concepts of crystalliza 
tion or cross-linking pertinent to unmodified vinyl resins 
Addition of plasticizer to the high impact acrylic/viny] 
compounds amounts to a dilution of the basic system and 


analysis of the 
resin to the im 


improvements and the 


4 summarizes the notched Izod im 
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Table 5. Physical Prapesty Compasicane Setwase 
PVC/Acrylic/Epoxy Plasticizer, Cellulose Acetate 
Butyrate and Ethyl Cellulose 


PVC/High 
Impact Acrylic/ 
Epoxy Plast.* 


!zod Impact, 
ft. Ibs. /in. 20 2 3 
Flexural Modulus 390,000 260,000 210,000 
H.D.T. °F 
(264 psi) 128 
Rockwell Hardness 
R Scale 98 93 88 
Shore D Hardness 75 74 73 


‘Contains 10% 


171 140 


epoxy plasticizer. 


a downward displacement to the right of the modifier con- 
impact curve This 
in shown in Figure 8. 


centration -vs- (discussed previously ) 


Relative Effect of Plasticization and High Impact 
Acrylic Modification 

Che magnitude of the effects of plasticization and high 
impact modification of vinyl on mechanical properties are 
placed in perspective by Figure 9 

rhe relationship of concentration of the 
to impact strength has 
concentration was used for 


acrylic polymet 
established pre 
this relative 


in vinyl ) been 
viously. The 20% 
assessment of high impact acrylic polymer modification -vs 
plasticization ot vinyl 

Aside being the controlling 
strength, acrylic modification caused somewhat more of a 
reduction in flexural properties than occurred with 10% 
a reduction than obtained with 20% 


from factor on impact 


plasticizer, but less of 


equivalent to the concentration of acrylic 


plasticizer 
The same conclusions apply to the relative effects 


modifier 

of these variables on hardness 
Heat distortion is shown to be 

the plasticizer concentration 

9 also provides a convenient means for practical 


controlled exclusively by 


Figure 
consideration of the significance of combinations of the 
lata. In addition to its advantageous processing and heat 
stability 
injection molding, 
10% epoxy plasticizer exhibits an important com 


(of potential significance in extrusion 


properties 
vinyl/acrylic 


and calendering) the con- 


7 
taining 


] 


ae 


PLASTICIZEL 


PERCENT 


Figure 8. Relative Effects of Plasticizers on Impact 
Strength 
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MPACT STRENGTH 








T DISTORTION TEMPERATURE 
(264 PS! ) 


Figure 9. Relative Effects of Plasticization and 
High Impact” Acrylic Modification 


bination of hardness, rigidity and notched impact strength 
Where a particular application equired at least the HD1 
ot copolymers 137° to 146°F an epoxy plasticizer con 
approximately 5% is indicated by the HDT 
would still represent 
signifi 


centration of 
This ( 


a “stabilizing « 


course 


that 


curve oncentration, of 


oncentration is of processing 


cance 
The 20% 


which can be 


plasticizer concentration results in products 
semi-rigid. In the case of the 


high impact strength 


classed as 
combinations however 
instead of the 
modified semi-rigid vinyl compounds 


vinyl /acrylic 


is characteristic brittleness common to un 


High Impact Vinyl/Acrylic Polymers -VS- 
Other Tough Thermoplastics 

Che entrance of a new polymer system into the heavily 
plastics field inevitably requires a critical eco 
appraisal of the new class 
pres 


populated 


nomic, technical, and esthetic 


of materials in comparison to available plastics The 
ent status of the commercial development of the high im 
an adequate 


pact acrylic modified vinyls does not provide 
assessment as yet. However, a preliminary estimate can be 
made, based on known physical properties 

An experimental preliminary comparison of the subject 
systems to selected cellulosics shows them to be significantly 
higher in impact strength, more harder, somewhat 
less transparent and lower in heat distortion temperature 
than such representative materials as cellulose acetate buty 
ethyl Cost and flame resistance, of 
substantially in favor of the vinyl/acrylic sys 
tem of course, that cellulosics, like vinyl, 
comprise a range of compounds so that absolute comparisons 
ire difficult to make. Table data obtained 
in the preliminary comparison cited 

Another point of competitive significance stemming from 
the high impact strength or toughness of vinyl/high impact 
fabrication of 


rigid, 


rate and cellulose 


course are 
It is recognized, 
5 summarizes the 


icrylic compounds is the manufacture and 
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thinner gauge sheets than are practicable with 


lower cost g 


other plastics 


Conclusion 

Basic modification of vinyl homopolymers by admixture 
with 5 to 10% of a specially designed acrylic polymer has 
been shown to result in substantial improvement in the 
processing behavior of the base resin, whether in unplas- 
ticized or plasticized formulations. The processing improve- 
sacrificing such key 
and resistance 


ment is achieved without 
as heat stability, heat distortion temperature, 
to a series of solvents and chemical reagents. 

A second basic modification of vinyl homopolymers o1 
copolymers involves admixture with a “high impact” acrylic 
polymer, with consequent major improvements in impact 
strength in unplasticized as well as in the ordinarily brittle 
lightly plasticized vinyl resins. These high impact strengths 
through extensive including re 
pes ated extrusions, as well as after exposure to a variety of 
iccelerated tests. High impact strength vinyl/acrylic com 
pounds can be produced with all types of vinyl chloride 
modifier shown 


prope! ties 


are retained processing, 


polymers at concentrations of the acrylic 
in this paper 

The elimination of the pean gory 
lightly plasticized (5 to 20%) vinyl, 
modification, opens up the us« of epoxy plasticizers in the 
lower melt viscosity com- 


embrittlement of 
by means of the acrylic 
production of more heat stable, 
pounds for the extrusion, injection molding and calendering 
of rigid and semi-rigid products designed for non-critical 
heat distortion applications 

Aside from technical 
availability of both types of acrylic polymers is of further 
vinyl processors, the 


considerations, the commercial 


significance. In the hands of resin 
compounding possibilities for tailor-making rigid and semi 
rigid products meeting specific and/or impact 
greatly expanded over what has been 
hitherto possible. Additionally, of processing as well as 
significance, extrusion of “rigid high 
powder blends is possible in properly designed equipment 


processing 
requirements are 


economik impact 
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J. E. Guillet and 
H. W. Coover, Jr. 


Polypropylene Wax— 
A New Resin for Plastic 
and Coating Applications 


. developments in the field of olefin polymerization 


have made possible the synthesis of a large number of new 
plastics which have a high degree of crystallinity because 
of the ordered arrangement of monomeric units in the poly- 
mer chain. One of the first of these new plastics to reach 
commercial production is polypropylene, which promises 
to have a wide application because of its combination of 
high tensile strength and modulus, good impact strength, 
and potentially low cost. 


Synthesis 

The synthesis of low-molecular weight polymers from 
propylene to give products having a high degree of stereo- 
regularity is difficult. The catalysts developed by Ziegler, 
Natta, and others tend to give mainly polymers of very high 
molecular weight which are unsuitable for use as waxes. 
The low-molecular-weight components which may be pres- 
ent are largely amorphous. 

During the course of a basic study of the structure of 
crystalline polypropylene, it was discovered in our labora 
tories that, if high-molecular-weight crystalline polypropyl 
ene was subjected to temperatures above 300°C. under 
carefully controlled conditions, it was possible to reduce the 
molecular weight to any desired range without alteration 
of the stereochemical configuration of the fragments. This 
process and the products manufactured thereby are dis- 
closed in U. S. Patent 2,835,659. 

The lower molecular weight polymers prepared in this 
way have crystallinities equal to or greater than that of the 
original high-molecular-weight polymer. The only differ 
ence in structure which can be observed is that the vinyli 
dene unsaturation increases. This is demonstrated by the 
increase in intensity of the absorption bands at 6.1 and 
11.254. The increase in vinylidene unsaturation indicates 
that the probable mechanism of the reaction is a simple 
thermal cleavage of the carbon-carbon bond, followed by 
disproportionation to give an unsaturated linkage. 


"eBitkea BHAASaA a 
a ee. oe a) A ee es es oe 
---C- C-C-C-C-C-C—C-C-C—C-C-G- 
Tepe £6 sf Aes te 8 
H CH, H CH, H CH, H CH, H CH, H CH, H 


or C=-C-C—-C=—( 


Pt Pa ae ee, 
H CH, H CH, H CH, H CH, H CH, H CH 


“C—C-C—-C—( 
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Research Laboratories 
Tennessee Eastman 
Company 

Division of Eastman Kodak 
Company 


This article describes the 
synthesis of 
polymers from propylene, 
the properties of these 
products, and their poten- 
tial applications. 


wax-like 


ns @ BH 
PAG 8 eR ol 
-eeC—C-C—C- C= ( HC-C- C-C-C-C-- 


Sm Se Me Te ee 
H CH, H CH, H CH CH, H CH, H CH, H 


[he disruption caused in this way apparently affects only 
the ends of the chain, and as a result, has little effect on 
the crystallizability of the polymer. In Figure 1 the x-ray 
diffraction pattern of an annealed sample of crystalline wax 
is compared with that of the high-molecular-weight poly- 
mer, and it can be seen that the patterns are substantially 
identical, in spite of the large difference in molecular 
weight 

Because of the difficulty in determining absolute molecu- 
lar weights, the melt viscosity at 190°C. or the inherent 
viscosity in Tetralin at 145°C. was employed to indicate 
the molecular weight of the wax. The polypropylene waxes 
ire characterized by having inherent viscosities of 0.5 o1 
less, which correspond to melt viscosities of 30,000 cp. o1 
less at 190°C. Although the absolute molecular weight de- 
pends considerably on the method used to determine it and 
also on the molecular weight distribution of the sample, 
polypropylene waxes having an inherent viscosity of 0.5 
made by this process appear to have number-average 
molecular weights in the range of 7,000 to 9,000. If these 
waxes are subjected to a vacuum-stripping step to remove 
some of the lowest molecular weight components, their 
number-average molecular weights may increase somewhat. 


A. 


Figure 1. Comparison of X-ray Diffraction Patterns 
for Low-Molecular-Weight (A) and High-Molecular- 
Weight (B) Polypropylene 








TABLE 1. Physical Properties of Polypropylene and Polyethylene Waxes 


Polyethylene 
Property Polypropylene Epolene LV Epolene C 


Melt viscosity at 190°C., cp. 32 1200 9400 450 3400 
Annealed, g./ml 0.912 0.917 0.919 0.927 0.902 
Inherent viscosity 0.10 0.23 0.41 0.25 0.31 
Melting point, °C 141-15] 157-162 163-165 104-107 97-99 
Penetration hardness, mm. x 10” 

200 g 2.0 0 0 4.0 7.6 

100g 0 0 0 0.5 3.0 
Durometer hardness D50 D70 D54 D36 





When _high-molecular-weight polypropylene is heated Properties 
above 300°C, in the absence of oxygen, thermal scission of 
the polymer takes place. If the value for the molecular 
weight or inherent viscosity of the polymer is plotted as a 
function of time, the curve will show an initial rapid de 
crease, followed by a slower rate at longer times. If the 
intrinsic viscosity of polypropylene is related to the molecu 
lar weight by the simple form of the Staudinger equation 


Typical properties of polypropylene waxes of varying 
molecular weight are shown in Table I, which also includes 
data on two typical ethylene waxes. It is readily apparent 
that the propylene waxes have considerably greater hard 
ness and higher melting points than the ethylene waxes 
The lowest molecular weight propylene wax shows a con 
siderable reduction in melting point and hardness when 
[yn] = KM (Eq. 1) compared with higher molecular weight polymers, but its 


as indicated by Ciampa (Ref. 1), then the reciprocal of the 
intrinsic viscosity will be proportional to the number of 
chain breaks per unit weight of polymer. Plots of the re 
ciprocal of the inherent viscosity as a function of time for 
the thermal degradation of crystalline polypropylene at 
various temperatures are shown in Figure 2. The inherent 


In x 
viscosities ee _ | were measured at a concentration 
e 
of 0.25 g./100 ce. in Tetralin at 145°C. and, for these 
polymers, are equivalent to the intrinsic viscosities within 
the precision of the viscosity determination. The degrada- 
tions were carried out under a nitrogen atmosphere. It can 
be seen that the rate of change of molecular weight is not 
constant, and that there is a rapid initial rate followed by a 
slower degradation. This type of curve is typical of the ther 
mal cracking of a large number of vinyl polymers. It has 
been suggested (Ref. 2) that the initial rapid rate is due Time, Mia 

to the presence of “weak links” in the polymer. These weak 

links could be partially oxidized regions within the polymer. Figure 2. Rate of Thermal Cracking of Polypropylene 
In our opinion, however, it is more likely that the initial 

rate of scission is maintained throughout the degradation, hardness is still greater than that of the ethylene waxes. All 
and that the observed decrease in rate of change of molecu- of the propylene waxes flow readily at temperatures above 
lar weight is due to the onset of the competing reactions of 170°C. and can be cast into shaped objects or coated on 
recombination or repolymerization. This is supported by substrates such as paper or foil. The cast articles are usu 
the fact that if degradation is carried out for excessively ally quite brittle, but the hardness is such that the surface 
long periods of time there is a marked alteration of the cannot be scratched with the fingernails. Table 2 shows a 
stereochemical configuration with a resultant decrease in comparison of the properties of the lowest viscosity propyl 
crystallinity and melting point. ene wax with those of other synthetic and natural waxes 








TABLE 2. Properties of Commercial Waxes 


Synthetic Petroleum Mineral Vegetable Insect 


Micro- 
Poly- Fischer- crys- Ozo- Car- Can- Ouri- Sugor 
propyleneTropsch Paraffin talline Monton cerite nauba delilila cury Esparto Cane Japan Beeswox 


Melt viscosity at 190°C., ep 32 6 7 9 Is 9 . 5 5 - 7 6 1 

Melting point, °C 141-151 110 43-66 63-94 72-92 73 84-91 65-72 83-85 75-77 68-82 48-53 63-70 

Density, g./ml 0.912 0.955 0.880- 0.90- 1.03 0.929 0.997 0.980 1.053 0.987 0.992 0.978 0.958 
0.915 0.94 


Penetration hardness 


mm. x 10 0.5 22 5-20 0 4-5 17 LF ‘s 1.5 28 


100-g. load at 77°F. 
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TABLE 3. Compounds Compatible With 
Molten Polypropylene Wax 


Mineral oil 

Oleic acid 

Paraffin wax 
Polyethylene 
Polyisobutylene 
Poly(a-methylstyrene) 
Polyterpenes 

Stearic acid 


Beeswax 

Carnauba wax 
Chlorinated bipheny! 
Corn oil 

Dioctyl phthalate 
Douglas Fir wax 
Hydrogenated rosin 
Microcrystalline wax 





It can be seen that the hardness is superior to that of any 
of the commonly available waxes. The density is consider- 
ably less than any of the waxes exce pt paraffin and micro- 
crystalline waxes. The melting point is 30-40°C higher than 
the Fischer- Tropsch waxes and 50-70°C higher ‘than the 
other waxes in the table. This is an advantage in coating ap 
plications, where higher blocking temperatures are re- 
quired. 

Table 3 shows a list of some materials with which molten 
polypropylene wax is compatible. The propylene waxes dis- 
solve readily in many plastic melts at temperatures above 
100°C., but have a tende mecy to crystallize separately if the 
solution is cooled slowly. If, ‘however, the melt is quenched, 
the wax will not show this behavior. 


Applications 


rhe potential applications for these unique hydrocarbon 
waxes are many; for example, because of their high melting 
point and hardness, an obvious application is in the modi- 
fication of other waxes to improve such properties as 
scratch, block, and scuff resistance. A complete evaluation 
of potential applications is, however, beyond the scope of 
this paper, but to illustrate the versatility of these 
materials two applications which are of special interest in 
the plastics field will be described in some detail. 

Blends With Commercial Plastics: Because of 
bination of high melting point (160-165°C.), low melt 
viscosity, and good compatibility, the propylene waxes are 
of considerable interest as solid plasticizers for other plas- 
tics, such as polystyrene, poly(vinyl chloride), and poly- 
ethylene. Properties of typic al blends are shown in Table 
4. Inclusion of the wax in the blend results in improved 
flow, and, in the case of polyethylene, improved stiffness. 
The use of polypropylene as a component of vinyl plasti- 
cizer systems leads to somewhat higher softening points at 
equivi alent flow. Blends with polysty rene show a slight in- 
crease in heat-distortion temperature. In all three plastics 
there is an increase in opacity, indicating that some of the 
wax is crystallizing separately from the matrix. 


new 


its com- 


Chill roll —__ 


“= 


— idier roll 





ee, Equalizer rod 


Pickup-applicator roll 
smooth or grovure 


Doctor blade ~ 


Fountain 


Figure 3. Single-Roll Kiss-Coater With Equalizer. 


Blends of this type can be prepared by any of the usual 
techniques available in the plastics industry; namely, in a 
Banbury mixer, by extrusion, or by milling on hot rolls. The 
examples shown in Table 4 were prepared by the latter 
method. The high melting point of the propylene wax 
should be taken into account when blends are made. 
Blends with polyethylene, fer example, are conveniently 
made by adding the powdered wax to the hot polyethylene 
at a temperature below the melting point of the wax. After 
the powder has been dispersed, the temperature of the melt 
may be raised above the melting point of the wax to com- 
plete the mixing. This method prevents the wax from 
melting and dropping from the rolls before it can be mixed 
~~ the polyethylene. 

Paper Coating: Polypropylene wax can be coated on 
paper or other substrates in conventional hot-melt coating 
equipment capable of operating at 425°F. A typical set-up 
is shown schematically in Figure 3. The web passes over 
the applicator roll where it picks up the wax, then over an 
equalizer rod. The coating is then rapidly quenched by 
passing the web over a polished chill-roll. Since the melt- 
ing point of the wax is 160-170°C., the minimum coating 
temperature is high—in the range of 400°F. Short runs can 
be made in air at this temperature, but prolonged heating 
can cause excessive oxidation. If the wax will remain longer 
than about 4-8 hours at coating temperature, the melt 
reservoir should be blanketed with carbon dioxide or nitro 
[he result of excessive oxidation is a breakdown in 
melt viscosity and an increase in odor. 

In spite of the fact that the raw resin is very brittle, melt 
coatings which are rapidly quenched are superior in crease 
and flex resistance to similar coatings from polyethylene 
waxes. The reason for this toughness appears to be that the 
quenching results in a meta-stable state of crysté ullinity in 
the crystallites extremely small. While in this 
state the coating remains tough and flexible. If, however, 
the film is heated at an elevated temperature, or is melted 
and annealed, the normal crystallinity returns and the coat- 
becomes brittle. The rate of crystallization of the 
quenched wax is extremely slow at room temperature, and 


gen 


which are 


ing 





TABLE 4. Physical Properties of Blends of Polypropylene Wax With Various Plastics 


Polyethylene 


20 
1.56 
0.922 


Wt. % of polypropylene wax 
Melt index, g./10 min 
Density, g./ml 
Tensile strength, psi 

break 

yield 
Elongation, % 
Stiffness, psi. 
Durometer hardness 
Heat-distortion temp., °C. 


1400 
1950 
90 
31,000 
D56 
103 


Polystyrene Poly(Vinyl Chloride) 


10 
0.01 
1.33 


5070 
15 
320,000 
D80 

89 


10 
10.5 
1.03 


2355 


3 
280,000 
D80 

99 
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TABLE 5. Permeability of Plastic Films 


Gas Permeability" Water Vapor 
° N CO. Transmission’ 


Melt-coated poly- 
propylene wax 
Conventional poly- 
ethylene film 

Medium-density 
polyethylene film 4.1 

High-density poly- 
ethylene film 

Nonpermeable cello- 
phane film 


4.2 0.77 11.8 0.3 


0.3 
0.2 


7.5 2.5 34.1 


1.2 17.4 


2.6 0.71 10.4 0.2 


0.08 009 0.176 08 


[Ce 


[G, cm./em.* hr 


mil/m.~ atm. day] x 10 


mm. (Hg)| x 10° 





coatings stored at 25°C. for several years have shown no 
sign of embrittlement. At 50°C. the crystallization is more 
rapid, and coatings will embrittle in 3 to 6 months. At 
80°C. the embrittlement occurs in from 6 to 48 hours, de 
pending on the molecular weight of the wax coating. Gen- 
erally, polymers having high molecular weights take longer 
to embrittle than those of lower molecular weight, and the 
most stable waxes are those having melt viscosities in the 
range from 4,000 to 25,000 cp. at 190°C. That the embrit 
tlement is due to crystallization is demonstrated in Figure 
#, which shows the x-ray diffraction pattern of a quenched 
coating after heating at 80°C. for various times. The origi- 
nal film shows a pattern very similar to that of amorphous 
polypropylene, although the degree of crystallinity is prob- 
ably greater than 50%. As the film is heated, the lines due 
to the crystal refractions become increasingly sharp. 

he rate of crystallization of a quenched ‘wax at various 
temperatures as measured by density change is shown in 
Figure 5. After the initia] rapid change in crystallinity, the 
rate is linear in log time and can be extrapolated with rea 
sonable accuracy. The density at which embrittlement ox 
curs seems to be about 0.895 

Because of this crystallization effect, it is necessary to 
use a heat sealing device which allows for rapid cooling of 
the after the formation of the bond. When the 
seal can be quenched, it is quite easy to obtain seals of 


seal 


Figure 4. X-ray Diffraction Patterns of Quenched 


Coatings 
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Max. density — 0.913 

Density of quenched 
polypropylene 088! 

Inherent vescosity 03) 





Figure 5. Rate of Crystallization of Quenched Poly- 
propylene Wax 


strengths up to 2 pounds/linear inch from a l-mil coating 
of polypropylene wax. 

Polypropylene wax coatings have permeability character 
istics similar to that of high-molecular-weight polypropy! 
ene films. Typical values are shown in Table 5. 

These results indicate that paper coated with poly- 
propylene wax has excellent characteristics for use as a 
moisture barrier in food packaging. The coatings are not as 
“greaseproof” as the best extrusion coatings of polyethylene, 
but are much superior to polyethylene wax coatings. Typi 
cal values for “greaseprootness” as measured by the Tappi 
turpentine tests are shown in Table 6. Since the coatings 
retain their crease resistance at temperatures down to 

20°C., papers coated with polypropylene wax could be 
used for packaging frozen foods. 

The use of polypropylene wax thus allows the fabricator 
to obtain melt coatings with most of the desirable proper 
ties of extrusion coatings of higher molecular weight poly- 
ethylene and polypropylene. 





TABLE 6. Greaseproofness of Paper Coatings” 


Grease- 


proofness Time to Failure 


Melt Viscosity, 


Cp. Folded Flat 


Polypropylene 
wax 

Low-melt 
poly- 
ethylene 


9900 3480 sec 


8500 72 sec 


Tappi turpentine test 
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New Curing Agents 
For Epoxy Resins 


Henry Lee and Kris Neville 


The Epoxylite Corporation 


Boron Compounds As Epoxy Curing Agents 


he epoxy resins of commerce (4) consist of a family of 
"TT compounds related by virtue of possessing more than 
O 
r™ 
one epoxy group, C — C, per molecule 

rhe first commercial materials were derived from the re 
action of Bisphenol A and epichlorohydrin in a caustic 
medium. This two-step reaction involves addition of the 

epoxy group followed by dehydrohalogenation: 


OH NaOH 
CH — CH 
O 
CH, — ¢ H CH HC] 


In commercial practice, subsequently, a number of poly 
hydroxyl compounds other than Bisphenol A , 
ployed in the synthesis. More recently, commercial resins 
have been introduced the 
method, by which olefins are epoxidized directly. With the 
resins derived from epichlorohydrin, the epoxidation is 
terminal and is one carbon atom removed from an activat- 
ing ether bridge; with the peracetic acid resins, an internal 
epoxidation is more generally present, and the ether bridge 
may be absent. The two classes of resins differ greatly in the 
rate and order of reactivity with a given type curing agent. 

The strained, three-membered epoxy ring is quite reac- 
tive. The ring opening, accompanied by formation of addi 
tion compounds, occurs upon treatment with halogen acids, 
sulfonic acids, sulfite, thiosulfate, carboxylic acids and an 
hydrides, hydrogen cyanide, water, alcohols, amines, alde- 


were em 


based on “peracetic acid” 


hydes, etc. (5) 

The most commonly used curing 
resins are the primary and secondary polyamines, the terti- 
ary amines, and the acid anhydrides. To a lesser extent, 
Lewis acids, metallic salts, polyamides, polysulfides, and 


agents for the epoxy 


boron-amine complexes are employed 

Chief of the boron-amine complexes investigated have 
been the boron-trifluoride-amines and the amine-boro 
esters. The former have been employed as primary curing 
agents, as co-curing agents with other amines (6) and as 
accelerators for anhydride cures (7). The latter have been 
employed as primary curing agents (8). Boron trifluoride, 
itself, has been used as a catalyst during synthesis of the 
epichlorohydrin type resins (9) and during synthesis of 
higher weight species—more properly regarded as high 
molecular weight polyols—from the diglycidyl ethers (10). 
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With the boron-trifluoride-amine complexes, such as BF, 
monoethylamine and BF,:piperidine, cure occurs under the 
influence of the boron-trifluoride as well as the amine when 
disassociation occurs at temperatures in excess of 90°C. 
With the amine boroesters, cure occurs upon a steric re 
arrangement of the molecule at temperatures in the range 
of 125°-150°C, which expose unshared electron pairs on 
the nitrogen (11). These compounds, in mixture with 
epoxy resins, are relatively stable at room temperature and 
long time storage will result in only a slight increase in 
viscosity. ; 

Che catalytic nature of the BF 
results in systems having unexpectedly high heat distortion 
temperatures, on the order of 190°C. Such high values 
would imply that a very high order of homopolymerization 
occurs and that the crosslinked structure is quite tight. In 
this respect, the action differs from that obtained with the 
tertiary amine catalysts. With tertiary amines, used at nor- 
mal concentrations, heat distortion points are relatively low, 
generally in the range of 100°C 

Because of the heightened reactivity of the Lewis acid 
type curing agents, very rapid cures can be obtained with 
very low concentrations of catalysts. At these concentra- 
tions, little unreacted material is present in the cured struc- 
ture. With the tertiary amines, the usual concentration is on 
the order of 10 phr (parts per hundred parts resin by 
weight) to obtain satisfactorily short cures, and this amount 
of unreacted material might reasonably be expected to de 
grade the system. In addition, it has been suggested 

12) that the presence of hydroxyls is required for tertiary 
imine cures. The initial reactive sites, then, might be ef 
fectively blocked by a quaternary amine complex. In such 
1 case, a number of epoxy groups would be “end-stopped”, 
the exact number depending on the concentration of the 
curing agent, and the cross linking would be far less tight 


(a Lewis acid type) cure 


than otherwise. 

BF,, therefore, probably accounts for the preponderance 
of the cure with the BF, amine complexes. Since there is 
little unreacted material present, and since little if any 
chain-stopping occurs, the system is inherently more brittle 
than a system cured with a tertiary amine. This has proved 
to be a commercial disadvantage, and frequently polyols 
are added to increase the toughness (13), at the expense 
of the heat distortion temperature 

Because of the efficiency of the boron-complex curing 
agents, it might be expected that the thermal stability of 
the cured system would approach the inherent thermal 
stability of the homopolymerized epoxy resin. Once the 


315 





limits of thermal stability of the BF, cured compounds 
have been established, further improvement in heat resist- 
ince and thermal stability could be obtained only by form- 
ing copolymers by addition reactions creating more ther- 
stable than the ether links formed during 
homopolymerization. 


mally bonds 

hus, it would appear in spite of the unusually high heat 
distortion temperatures recorded with the BF, complexes, 
used as primary curing agents, they seem to have 
little place in the high temperature technology dealing with 
temperatures from 200° to 300°C 

The Epoxylite laboratory undertook an investigation of 
. variety of new boron complexes to determine the com 
patibility of the compounds with the epoxy resins; the ef 
ficiency of the materials as primary curing agents; and the 
efficiency of the materials as accelerators. The initial survey 
program was not designed to develop commercial formula 
tions, but rather to indicate fruitful areas for further work 

Our pre liminary work with the amine boranes indicated 
that both the amine and the boron segments of the mole 
a role in the curing reaction. For example, 


W he nN 


cule played 
pyridine borane gave a more rapid cure than pyridine 
ilone; morpholine borane gave a cure, whereas morpholine 
ilone did not. 

With boroxines, the cure appears to be essentially of the 
icidic type, with the reaction progressing at an unexpec 
tedly rapid rate. 

The areas of interest for the new 
other boron compounds discussed in this report appear to 


amine-boranes and for 
be: 


As methods for incorporating boron itself into the 
cured epoxy structure, 

As primary curing agents for service temperatures be- 
low 200°C, 


As accelerators for anhydride, or other cures 


Laboratory Investigation Of New Boron Compounds 


For the initial screening check of the boron complexes, 
Bakelite ERL-2774, an epoxy resin of the diglycidyl ether 
of bisphenol A type, manufactured by Union Carbide Plas 
tics was selected. 


The resin has the following chemical structure 
O CH 


/\ 0<_>-C-<_>-0-CH.—CH-CH 


CI CH—CH 
CH 


CH ( 


o-< < >-0-CH cha 


CH 


H 


Since the “n” number is larger than zero, a number of hy- 
droxyl groups were present in the system. ERL 2774 is 
commercially comparable to Epon 828 (Shell Chemical), 
Araldite 6010 (Ciba Plastics), Epi-Rez 510 (Jones-Dabney ) 
and Dow 331 (Dow Chemical). This type of resin com- 
prises the bulk of the liquid epoxy resins marketed in the 
United States. The various boron compounds expected to 
serve catalytically were introduced in a wide range of per- 
centages (1, 5, 10, 25, and 50 phr) to screen reactivity. 
Those substances expected to serve as accelerators were in 
troduced in empirical amounts based on past experience 
with other systems. Trimethoxy boroxine, expected to serve 


316 


as crosslinking agent, was employed in amounts bracketing 
the theoretical stoichiometric amount. 

The initial stage of the laboratory program required 
rapid screening of the boron compounds for reactivity 
After incorporating the compound into the resin, with 
thorough mixing, the sample was split, one half being ob 
served at room temperature and the other half being ob 
served at an elevated temperature, usually 125°C. Charac 
teristics noted were apparent compatibility or solubility and 
A summary of the results of the screening 


reactivity rates 


check is presented in Table 1 





TABLE |. General Results of Screening Tests 
with Boron Complexes 


Alkyl boric acids 
] Nonyl boric acid: Soluble but no cure 
2. Dodecyl boric acid: Soluble but no cure 


Amine-Boranes 
Dimethylamine-borane: Soluble. Heat cure 
Trimethylamine-borane: Soluble. Heat cure 
Pyridine-borane: Soluble. Heat cure 
Morpholine-borane: Soluble. Heat cure 
Triisooctylamine-borane Soluble Heat 
cure 


Borates 

l Methyl! borate: Soluble but no cure. Incom 
patible upon addition of curing agent 
Sodium Tetramethoxyborate: Insoluble. No 
cure 

Borohydrides 

] Potassium borohydride. Insoluble 

2. Sodium borohydride. Insoluble 


Alkoxyboroxines 
] Trimethoxyboroxine: Soluble. Room temper 
ature cures 





The Group IV materials subsequently were carried into 
the resin with a solvent and revealed satisfactory reactivity 
Because of the solubility problem, however, further study of 
them was not undertaken. Only the amine boranes and the 
alkoxyboroxines were selected for further work 

The screening program showed that a foaming problem 
was encountered with all compounds promoting cure The 
foaming was probably caused in part by the hygroscopic 
nature of the compounds (water being a foaming agent for 
amine cures) and in part by the release of volatiles at the 


cure temperature of 125°C 


Amine Boranes As Primary Curing Agents 


Dimethylamine borane and pyridine borane were opti 
mized at 5 phr and trimethylamine borane at 2.5 phr. Gel 
times at 125°C were, respectively, 15 minutes, 24 hours 
and 90 minutes. At that temperature, considerable foaming 
was experienced. Subsequent work indicated that the foam 
ing could be eliminated by reducing the cure temperature 
to the 100°C range. 

Cures at temperatures lower than 100°C were considerably 
protracted. Samples of these three compounds incorporated 
into the resin were aged at room temperature for 45 days 
and revealed only a slight increase in viscosity. The aged 
samples of pyridine borane and DMAB (each employed at 
5 phr), however, evinced significantly more rapid gel time 
on exposure to heat. At 105°C, for example, the gel 
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TABLE 2. Amine-Boranes as Latent Accelerators for Epoxy Resin-Anhydride System 


Control 


ERL-2774 
Hexahydrophthalic 
anhydride 
Benzyldimethylamine 
Dimethylamineborane 
Trimethylamineborane 
Pyridine-borane 
Gel time at room temperature 6 days 
Gel time at 125°F approx. 8 hrs 
Gel time at 200°F approx. 30 min 





times were 30 and 210 minutes as compared to the unaged 
gel times at 125°C of 45 minutes and 24 hours. The gel 
time of the TMAB was not significantly affected. Since no 
special precautions were taken to protect the samples from 
atmospheric moisture, a possible explanation would be the 
accelerating effect of absorbed water. 

Morpholine borane and tri-isocotyl] amine borane were 
optimized at 2.5 phr. Mixed, room temperature storage life 
on these samples was not checked 

The undesirable tendency of the amine boranes to foam 
the resins indicated the necessity for research oustide the 
scope of the program in order that they might be used ef 
fectively as primary curing agents for the ERL-2774 type 
resins 

Following the tests with the conventional epoxy resin 
the amine boranes were investigated in connection with on¢ 
of the peracetic acid resins, Union Carbide EP-201: 


O 


rg CH,—O—( ~ 
7 ® § z O 
2 


CH H,¢ 


Che structure of this molecule favors acids or anhydrides 
and is relatively inert to amines. It was found, likewise, to 
be relatively inert to the amine boranes, even in the pres 
ence of polyol. 


Amine Boranes As Accelerators 


Many epoxy-anhydride blends are relatively stable at 
room temperature for a period of weeks, but the elevated 
temperature cure cycle may be impractically long to take 
advantage of this excellent pot life. To reduce the cure 
time conventionally a tertiary amine is added, but this 
drastically reduces the pot life. Thus, a need exists for an 
amine which is completely blocked or inert at room tem 
perature (to give the best possible pot life) but which un- 
blocks at elevated temperature (to give the fastest possible 
cure). Table 2 presents the results obtained with three of 
the amine boranes as accelerators. A temperature of 52°C 
was employed to duplicate the worst “room temperature” 
conditions and to speed testing. As is seen, considerable 
improvement in pot life was realized with the amine bor 
anes over the selected tertiary amine. 

Thermal stability studies were then conducted to deter 
mine the effect of the boron accelerators compared to the 
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selected tertiary amine accelerator. These results are pre 
sented in Table 3 
The results of this series of tests could generally be re- 


garded as promising 


Alkoxyboroxines As Primary Curing Agents 


rhe investigation of trimethoxyboroxine indicated that 
the optimum phr with an ERL 2774 type resin was in the 
24-25 phr range. At this concentration, rather unexpectedly, 
the compound provided room temperature cure. This is the 
only anhydride-type material, so far as we are aware, to 
provide a room temperature cure with the ERL 2774-type. 

Samples were analyzed periodically to follow the curing 
reaction. It was found that after gelation, (20 min. at room 
temperature), a significant percentage of epoxy groups re 
mained unreacted; these progressively disappeared with 
time until, after 169 hours, cure was substantially complete. 
This agrees well with the performance of room temperature 
curing amines. The cured system, likewise, resembles the 
polyamine cured systems: the exotherm, in 1-lb quantity, 
pe iks approximately 20 minutes after gelation at 320°F. 
[he heat distortion temperature falls in the 180°-230°F 
range, depending on the nature and the extent of the post 
cure. The thermal stability at 500°F was about what would 
be expected of a polyamine cured system. At the end of 
8 hours exposure, darkening and small crescent cracks oc 
curred. 

[TMOBX was then checked as a primary curing agent for 
1 variety of other commercial epoxy resins. Results are pre- 
sented in Table 4. With ERL 3794, rigid foams were pro 
duced. With EP-201, a very rapid cure was obtained. 


TMOBX, As A Co-Curing Agent 


rMOBX was checked out as a co-curing agent with 
hexahydrophthalic anhydride (a relatively fast-reacting 
compound ). Even when TMOBX was present to the extent 
of 50% of the anhydride, no room temperature cure was 
obtained. Addition of tertiary amine accelerators had no 


appreciable effect. 


Conclusion 


lhe boron-containing complexes have found application 


in the epoxy resin technology as curing agents and as ac 


celerators. 
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TABLE 3. Thermal Stability Studies—Amine 
Borane Accelerators vs. Tertiary Amine 
Accelerators with Anhydride Cures 


10 gm samples cast, cured, weighed, postcured | hr 
300°F, weighed, aged | hr at 500°F, weighed, aged 
2 more hrs. at 500°F, and weighed 


Control—1 Controi—2 
A B c D E 


ERL-2774 100 100 100 100 100 
HHPA 74 74 74 74 74 
BDMA 0.5 0.5 
Dimethyl Amine 
Borane 
Trimethy! Amine 
Borane 
Pyridine Borane 
Sodium Hydroxide 
Cure Cycle 
200°F 
% Weight Loss 
after | hr 
@ 500°F 
% Weight Loss 
after 3 hrs 
@ 500°F 
% Weight Loss 
after 6 hrs 
@ 500°F 


0.5 


0.5 
0.5 
0.5 


3hrs 3hrs* 3hrs 3hrs 3hrs 


15% 3.81% 67% .22% .23% 


35% 4.25% 94% 57% 54% 


75% 4.39% 1.18% .90% .74% 


was not fully cured at the end of the 3 hour cure 
F thi 


probably accounts for the higher percentage 








TABLE 4. TMOBX as Curing Agent for Various 
Epoxy Resins 


A B Cc D 


ERL-2795 
ERL-2774 
ERL-3794 
EP-201 
Dicyclopenta 
diene 
dioxide 82 
Epon X-8] 100 
TMOBX 25 25 40 56 18 
Hardness 
Shore A 95 90 98 80/20 
Not 
cured 
30 Over- 2 
sec. night days 


Pot Life 
@ room 15 10 7 


temperature min. min. min 


] ERL-2795 is ERL-2774 with approximately 10 phr of butyl 
glycidyl ether as a viscosity reducing diluent 
2 ERL-2774 was the base resin used throughout this program 
3 ERL-2794 is a Union Carbide proprietary, faster version of 
2774 
EP.201 per structure i: 


acetic acid resin whose given in 


a Shell Chemical proprietary flexible 





On the basis of a very limited test program, it appears 
that BF, complexes are more efficient primary curing agents 
than the amine boranes. The amine boranes however, ap 
pear of interest when it is necessary to incorporate relatively 
large amounts of boron into the cured complex and as ac- 
celerators for anhydride cures. Further work is required 
with the systems to overcome the foaming problem. 

Trimethoxyboroxine, reacting as an anhydride, provides 
room temperature cures in epoxy resins. With the ERL 
2774 type resin, the curing rate and the cured properties 
resemble those expected of primary aliphatic polyamine 
cures. TMOBX provides extremely rapid reactions with 
some peracetic acid resins, relatively slow reactions with 


others. 
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T he development of polyurethane foams by the plastics 


industry has provided the electronic design engineer with a 
versatile material which may be used for structural support, 
potting, packaging, and, in addition, act as an absorber of 
high frequency power. The most common application of 
these foams in the electronics industry is in the form of 
foam-in-place resins. The chemical components of polyure- 
thane foams, available in liquid form, may produce rigid, 
semi-rigid, or flexible foams, depending upon structural and 
environmental requirements. 


Potting 

The production of advanced military electronic equip 
ment has been accompanied by requirements for systems 
which will withstand severe static and dynamic strains with- 
out undue weight penalties Polyurethane foams, particu- 
larly the rigid materials, exhibit electrical properties which 
render them highly desirable for potting applications. They 
have dielectric constants in the range of 1.01 to 1.23 and 
depending on density, dissipation factors from 0.001 to 
0.005. They are normally serviceable up to approximately 
Their adhe 
sion to almost all surfaces (with the exception of polyethyl 
ene and Teflon® is sufficient to retain the headers on pot 
ting For local 
utilizes the foam as a combination potting compound and 
adhesive for their production of many thousands of plug-in 
filter units—the headers in these units have withstood 150 
pound pulls on a 1” x 1.5” surface before failure 

The technique of potting electronic equipment with poly 
urethane foams is similar to that employing epoxy resins but 
with two exceptions—the weight of material required and 
its pot life. When a foam of ten (10) pound per cubic foot 
density is utilized in potting a unit, the cost of this potting 
cost of an 


250°F, but in some formulations up to 500°F 


cans. instance, one electronics company 


compound is approximately 1/5 to 1/10 the 
epoxy resin system due to its lower specific gravity. The pot 
life of the systems rarely exceeds four minutes at roomstem 
perature, consequently individual mixes are usually required 
for each potted unit as it is virtually impossible to estimate 
the proper pouring quantity during the expansion of the 
foam. This pot life characteristic, however, has several ad- 
vantages—it keeps production workers on their toes, and it 
allows the parts to be cured at room temperatures in an 
hour or two, if internal pressures are not extreme 

Another feature of the foam systems for potting which 
has been utilized to advantage is the indication of a com 
plete fill by the exuding of a small amount of foam from a 
1/16 to 1/8 inch hole drilled in an inconspicuous place in 
the can. The pressure generated by the foaming process 
will push a small excess of foam out of the hole only when 
the unit is completely filled. 


Missiles 

The current emphasis by the defense industries on astro 
nautics and space flight have established environmental con 
ditions which require potting and encapsulation compounds 
which exhibit not only thermal and mechanical shock re 
sistance at very low temperatures, but which will operate 
at the maximum operating temperature of the embedded 
components. These potting compounds are used to prevent 
undue strain on electronic components from the high G- 
loading and vibratory effects encountered in missile launch 
ings and flight. In addition, the short life span of the missile 
has relieved some of the high temperature problems of the 
electronic equipment within it—if, due to the low thermal 
conductivity of plastics in general, the heat cannot get to 
the components until after the impact, why worry about it? 

The polyurethane resins are unique in their properties 
They normally exhibit excellent thermal and mechanical 
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Foams in Electronics 


Roger Jennings, 
Polytron Corp., Richmond, Calif. 


shock resistance at extremely low temperatures (below 

100°F) and will perform suitably at temperatures in the 
neighborhood of 250°F. In addition, the polyurethanes 
offer wide ranges of hardness and are outstanding in the 
protection they afford to embedded components from me- 
chanical shock by a characteristic dampening action. 

rhe polyurethanes never shrink more than 1% by volume 
during cure, and usually do not shrink at all. This lack of 
shrinkage prevents conipressive stressing on the delicate 
« lec tronk and modification of the 


components prevents 


hysteresis characteristics of high performance inductors. 
Polyurethane potting and encapsulation compounds are 
supplied as a two component system, consisting of a pre 
polymer and a curing agent. They are very similar to epoxy 
resins in their curing methods, however, they differ in that 
variations in physical properties are usually obtained by the 


use of different prepolymer systems rather than by a choice 
of hardeners. This characteristic of the polyurethanes re 
quires the producer of the resin to furnish a completely 
formulated system to the user. Polytron Corporation, for in- 
stance, produces the polyurethane resins or prepolymers 
ind develops the curing systems used with them. 
Characteristics of polyurethane casting resins: 
|. Wide operating temperature range, generally 
100°F to +260°F. Materials with improved 
high temperature characteristics are on the way. 
Highly resilient. 
Simplicity in use. 
Extreme resistance to abrasion and tearing. 
Excellent moisture protection. 
Availability in a wide range of hardness 
Low temperature cure cycles. 
Compliance to the requirements of Mil-T-27A, 
potting compounds. 
9. Low cost, $1.00 to $2.00 per pound. 
10. Excellent adhesion characteristics. 
ll. Very low vibratory 


above 50 cycles per second. 


mechanical transmission 


Microwave Applications 

One of Polytron Corporation's projects is the determina 
tion of the characteristics of polyurethane foams at micro- 
frequencies for use as radome microwave 
absorbers, etc. The company has recently completed its 
test facility which consists of approximately two tons of X- 
band equipment. This equipment is intended primarily for 
the simulation of various applications of the polyurethane 


wave cores, 


foams in radar installations. 

The low dielectric constant and low unit dissipation fac 
tor of the foam is due to its low density, rather than a low 
dielectric constant characteristic of the solid plastic itself. 
In fact, the dielectric characteristics of the solid urethane 
plastic are such that excellent microwave absorbers can be 
produced by dispersing Poly-iron or graphite in the com- 
ponents of the plastic and then allow ing the materials to 
foam-in-place. In the production of long, non-reflective, 
absorption tunnels, the foam components can be sprayed 
from a gun to form uniform coating on the walls. 

Other investigations currently in process are the produc 
tion of light and inexpensive foam-filled waveguides, solid 
polyurethane absorbers, and absorptive coating systems 
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TOUGHNESS..: 





...another way high-density polyethylene 
IMPROVES YOUR PRODUCT 








Density, gm/cc 


Temperature 


Secant Modulus 
(Stiffness), psi 


Tensile Strength, psi 
Ultimate Elongation, 


Tensile Impact 
ft. Ibs./cu. in.) 


onentation 





Melt Index, gm/10 min 


ASTM Test 


D 792-50(A) 


D 1238-57T 


No-Load Heat Distortion 


D 638-58T 
D 638-58T 
D 638-58T 


TYPICAL PROPERTIES OF DMD-6201 


128°C 


All physical tests conducted on samples with no 
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NLASHLIGHTS HAVE TO BE TOUGH, and these EveREADY 
} Cordahide” flashlights have to be tougher than most 
because they're specially designed for heavy-duty shop 
use. That’s why their cases, lens rings and end caps are 
molded from Baketrre Brand high-density polyethylene 
DGD-6201 


exceptional resistance to impact and abrasion, and its per- 


Laboratory tests have proved this material's 


formance in actual use confirms every laboratory finding. 

In addition to toughness, BAKELITE Brand high-density 
polyethylenes supply the exact combination of strength, 
rigidity, surface appearance, stress cracking resistance, 
dimensional stability, and moldability you need. 

In fact, if you need any type of polyethylene, you can 
choose from a full range of BAkKeLrre Brand materials... 
extending through low, medium, and high densities. The 
list also includes the remarkable new polyethylene copoly- 
mers—notable for low-temperature toughness, stress crack- 
ing resistance, and long flex life. 

In choosing and using these materials for your product 
improvements, you can call on the broad Union Carbide 
knowledge and experience in the field of plastics develop- 
ment. Mail the coupon today, or write a description of your 
requirements directly to Dept. CS-61G, Union Carbide 
Plastics Company, Division of Union Carbide Corporation, 
30 East 42nd Street, New York 17, N.Y. In Canada, Union 
Carbide Canada Limited, Toronto 7. 


Unron Carnpipt \ and Conpanipt 
rbide C 


BAKELIT? 
marks 


ire registered trade 


rporation 


Dept. CS-61G, 

Union Carbide Plastics Company 

Division of Union Carbide Corporation 

30 East 42nd Street, New York 17, N. Y. 

Brand hig! 


vith particular « mphasis on these 


on BAKELITE 


Please send me inf 


density p I th nes 


rmation 


properties 


g considered is .... 


the upplic ation 
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Everrapy “Cordahicde 


shop lites have 
| 


the 


toughness to take 


Name 


the impact 


bowling ball 


the 


hardwood alley, 


and one another 
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“Sure it’s a great idea) 


but we were 


“We've had the Payroll Savings Plan for U.S. Savings 
Bonds in our outfit for years. We think it is good for the 
Country and good for our company—and it goes without 
saying it’s good for the saver. I had assumed we had a large 
participation by our people. But when I checked up last 
month I found that only 26% of our employees were regular 
users of the plan. In a company our size there is always a cer- 
tain amount of personnel turnover, and there are always some 
people who are going to subscribe . . . next payday, maybe. 

“So what I did was contact our State Savings Bonds 
Director. He helped us put on a company-wide campaign 
that reached every employee personally to point out the 
advantages of buying new 3°4% Savings Bonds, regularly. 
Today we have more than 50% of our people using the 
plan, and we're going on from there!” 

Perhaps your organization, too, has been taking your 
Payroll Savings Plan for granted. It’s a great idea, but its 
value to your people and to your company increases with 





the number of employees who use it, every payday. Let 
your State Savings Bonds Director show you how easy it is 
to get your company back in the high value area of par- 
ticipation. Or write Savings Bonds Division, U.S. Treasury 
Department, Washington, D.C. 























THE U.S. GOVERNMENT DOES NOT PAY FOR THIS ADVERTISEMENT. THE TREASURY DEPARTMENT THANKS, FOR THEIR PATRIOTISM, THE ADVERTISING COUNCIL AND THE DONOR ABOVE. 
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Information on plastics for building, developed during 
year’s study by an Advisory Task Group of widely-known 
specialists, will be presented at the 1960 Spring Conferences 
of the Building Research Institute, April 5-7, at the Statler 
Hilton Hotel in New York City 

William F. Reardon, of the General Electric Co., Schenec 
tady, N. Y., is chairman of the Task group which is a sub 
committee of BRI’s Plastics Study Group. This smaller group 
was assigned the job of attempting to develop formats for 
the presentation of information about plastics materials 
which will permit architects, contractors and builders t 
reach decisions on the application of specific materials for 
functional components of buildings 

Besides Mr. Reardon, who will report on “Roofing Ma 
terials and Assemblies,’’ the Task Group includes Richard G 
Clarke, Hartford (Conn.) University, “Ceiling Components 
and Acoustical Materials;’’ George P. Dorrance, Turner Con 
struction Co., New York, “Structural Floors and Finished 
Flooring;’’ Anthony Ferrara, McLeod & Ferrara, Washing 
ton, D. C., “Exterior Wall Components;’’ Walter E. Gloor, 
Hercules Powder Co., Wilmington, Del., ‘Pipe and Pipe 
Fittings,“’ and Henry A. Jandl, Princeton University, ‘‘In 
terior Partitions and Interior Wall Coverings.” 

This Task Group will present its material to a selected 


STUDY GROUP TO REPORT 
ON PLASTICS IN BUILDING 


panel for review, criticism and suggestions at a closed meet 
ing on April 6. On April 7, the formats amended during the 
earlier session, will be presented at a meeting to all persons 
attending the conferences. Approximately 30 participants, 
including architects, manufacturers, educators, government 
researchers, contractors and plastics manufacturers will re 
view the material developed. Winding up the program will 
be a session in which participants and task group members 
will answer questions from the audience 

Milo D Folley of the Syracuse, N. Y.) architectural firm 
f Sargent, Webster, Crenshaw & Folley, is general chair 
man of the Conferences 

Other program topics of the Spring Conferences will in 
clude Adhesives in Building, Performance of Buildings, Sur 
face Preparation and Field Application of Paints and Coat 
ings, a roundup of university building research projects, a 
series of proposals for new building research, and a con 
ference program on Air Cleaning and Purification 

At the Conference luncheon on April 6, Norman P 
Mason, U. S. Housing Administrator, will become the recipi 
ent of the first annual F. Stuart Fitzpatrick Memorial 
Award 

The three-day program will be open to the interested 
public as well as to BRI members and guests 


Registration and other information may be obtained from 


Milton C. Coon, Jr., BRI executive director, 
2101 Constitution Avenue, N. W., Washington 25, D. C. 








A Special Publication 


PLASTICS FOR ARCHITECTS, 


ARTISTS, AND 


INTERIOR DECORATORS 


D 


published by The Society of Plastics Engineers, Inc. 
65 Prospect St., Stamford, Conn., and authored by 


Armand G. Winfield, DeBell & Richardson, Inc., Hazardville, Conn. 


An illustrated survey of some the best uses of plastics 
in the building and decorative fields, with introduction 


Id Horowitz, Building Research Institute, Washington, D. C 


AVAILABILITY DATE: MAY 1, 1960. PRICE: $2.00 


Society of Plastics Engineers, Inc. @ 65 Prospect St. 


plus $0.25 postage 


Address advance orders to 


@ Stamford, Conn. 
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SOCIETY 
ACTION 


SPE Plastics Engineering Series Grows 





Technical Volumes Committee meets 
in Chicago to map plans for new books 


Hiram McCann, Chairman 

Technical Volumes Committee 
I he responsibility of the Technical Volumes Committee 
is to implement SPE’s objective to disseminate technical in- 


formation relating to plastic S, by sponsoring the preparation General Areas to be Covered in the 


and publication of books in this field. The first two volumes SPE Plastics Engineering Series 

of the SPE Plastics Engineering Series—Quality Control for 

Plastics Engineers, edited by Lawrence Debing, and Pro- Processing of Plastics Materials—includes design and 

cessing of Thermoplastic Materials, edited by Ernest Bern- operation of processing machinery 

hardt—is a giant step forward in fulfilling this responsibility. 
The meeting of the Committee at Chicago is indicative 

of the increased activity in the SPE Plastics Engineering 

Series. The Committee has accepted a proposal from Frank 


Design of Plastic Parts—includes factors of relating 
properties of materials to end use 


Compounding of Materials—includes production and 


Reinhart, Editorial Advisory Board Chairman, and John J. subsequent modification of plastics materials 


Lamb to edit a volume on Permanence of Plastics. A book on Molecular Structure polymerization and studies re 


Design of Plastic Parts is in the offing, and selection of an lating properties to molecular structure 


editor will be made soon. A companion volume to the General Interest Subjects—includes such subjects as 
Chermoplastics book—Processing of Thermosetting Resins testing, quality control, and end use studies 


is being considered by the Committee. Another volume, 


Molecular Engineering of Plastics is on the slate and it 
is hoped will soon be underway plastics engineering profession and it takes know-how. Ws 


As anyone who has ever written or edited a book knows have within our Society members who have these qualific a 
the job of preparing and coordinating such a volume is a_ tions 

tremendous one. It re quires comple te dedication to the We as members of the Technical Volumes Committee feel 
that, with the full participation of SPI 
members, the SPE Plastics Engineer 
ing Series can be one of the most effec 


MEMBERSHIP BAROMETER tive vehicles for the dissemination of 


technical information. The type ol 


e) } 8 3) 6 6 cooperation that we would most ap 

preciate at this time from SPE mem 

Aggmeations bers is to receive the names of quali 
a gs fied editors and authors who are ready 
oo to go to work on any volumes cover 
January 31, ing subjects listed in the box or upon 
1960 any new volumes that might be sug 


January 31 gested. 
1712 a 


edited by Thomas A. Bissell 
SPE Executive Secretary 





The 1959 membership drive is 
Membership” over. “Applications Received” 
Gost we went over the top; the number of 
_ members in good standing almost 
— UU reached the goal. Actually, if 
“in-process” applications were in- 


January 31 
“Membership in good standing 7430 — ad of 8000 would 
e surpassed. 
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CYMEL / BEETLE’ 


Melamine 


Urea 


PLASTICS ee 


CYMEL 
3135-3136 


CYMEL 
1077 


CYMEL 
1500 


BEETLE 
UREA 


sel 


high are resistance 


dependable electrical properties under adverse conditions 


| excellent abrasion-resistance 


REMEMBERED FOR PERFORMANCE 
Cyanamid Molding Compounds 


glass-filled) Additional distinctive properties: outstanding 
electrical properties; high impact resistance; extraordinary flame 
resistance; good dimensional stability. Typical applications: cir- 
cuit breaker boxes; terminal strips; connectors; coil forms; 
stand-off insulators. Specifications: Cymel 3135 (MMI-30, 
MIL-M-14E, Federal L-M-181 Type 8; ASTM D704-55T Type 8 
Cymel 3136 (MIL-M-19061, MMI-5). 


asbestos-filled) Additional distinctive properties: resistance to 
atmospheric extremes; high dielectric strength Typical applica 
tions: connector plugs; terminal blocks; a/c, automotive and heavy 
duty industrial ignition parts. Specifications: MIL-M-14E MME; 
Federal L-M-181 Type 2; ASTM D704-55T Type 2, SP1 SPEC 
NO. 27025. 

(alpha-cellulose-filled) Additional distinctive properties: Surface 
hardness, heat resistance, unlimited color range. Typical applica- 
tions: appliance housings, shaver housings, business machine keys. 
Specifications: MIL-M-14E — Type CMG (in approved colors) ; 
Federal—LM 181 Type 1; ASTM D704-55T Type 1, SP1 SPEC 
NO. 30026. 

wood flour-filled)—CYMEL 1502(alpha cellulose-filled) Additional 
distinctive properties: Good insert retention. Typical applications: 
meter blocks; ignition parts; terminal strips. Specifications: 
Cymel 1500 (MIL-M-14E Type CMG; Federal L-M-181 Type 6; 
ASTM D704-55T Type 6); Cymel 1502 (MIL-M-14E Type CMG; 
Federal L-M-181 Type 7; ASTM D704-55T Type 7 

alpha-filled) Additional distinctive properties: Economy of 
fabrication; economy of material; myriad translucent and opaque 
colors. Typical applications: wiring devices; home circuit break- 
ers; tube bases; appliance housings. Specifications: Federal 
L-P-406A, LC 726-1, ASTM D705-55, Grade 1 Arce resistance 
limits are in process of revision by ASTM), SP1 SPEC NO. 27026. 





— ere NAMID __— WRITE FOR COMPLETE TECHNICAL DATA 





AMERICAN CYANAMID COMPANY °* Plastics and Resins 
Division * 30 Rockefeller Plaza—New York 20, N. Y. Offices in: Boston 
Charlotte * Chicago * Cincinnati * Cleveland « Dallas * Detroit * Los Angeles 
Minneapolis * New York * Oakland « Philadelphia « St. Louis 
Seattle. In Canada: Cyanamid of Canada Ltd., Montreal and Toronto. 
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COMMITTEE 
REPORTS 


SPE Journal 
Editorial 
Advisory Board 


Expands Activities 


Meetings at New Y ork and Chicago 
} - manic 
lay 2 roundwork for greater responsibilit y 


Members of the Editorial Advisory Board 
(EAB) and SPE Headquarters Staff met at the 
Chemist’s Club in New York City last Decem- 
ber 3 and at ANTEC to implement the role of 
the EAB in making the SPE Journal a bette 
magazine in its field 

The EAB recommended that the selection of 
outstanding 1960 ANTEC papers be called “The 
Best of ANTEC.” These articles are slated fo: 
publication in the April 1960 SPE Journal 
Selection of Best of ANTEC is made jointly by 
the EAB, The Editor and Editor Emeritus, SPE 
Journal 

Considerable discussion took place on the 
possibility of a Plastics Abstract service being 
initiated by SPE. Chairman Frank W. Reinhart 
exhibited a copy of British Abstracts, which 
covers all American plastics publications, as 
well as British publications. 

General agreement was voiced that SPE 
should not try to compete at this time but 
rather investigate the possibility of providing 
subscriptions of British Abstracts to SPE mem- 
bers at an attractive price 

One of the questions discussed at the EAB 
meeting was “Should a separate corps of re- 
viewers be established?” Up until recently, the 
EAB’s principal activity has been reviewing 
manuscripts. As a result of this discussion, an 
expanded reviewing system will be imple- 
mented this year. The system will operate in 
close liaison with the Professional Activities 
Groups, with members of the EAB in any given 
field, such as extrusion, thermosetting molding, 
etc., selecting reviewers in that field from the 
appropriate PAG’s. 


326 


New PAG Officers 
Meet in Chicago 


Newly elected Officers of Professional 
Groups, meeting at the close of ANTEC, 
problems of mutual interest including cooperation with 
the 17th ANTEC Speakers’ Committee, possibility of 
nominal PAG dues to provide better intra-Group com- 
munications and recommendations for increased activ- 
ities in the coming year. 

In the first area, Henry A. Perry, Jr., Chairman of 
the 17th ANTEC Speakers’ Committee, outlined his 
committee’s plan to base acceptance of papers on the 
final manuscript rather than the abstract. Time per- 
mitting, this new procedure should substantially up- 
grade technical quality of the papers presented. M: 
Perry reiterated his Committee’s intention to develop 
a balanced program and to utilize PAG to the fullest 
extent. 

As a result of a suggestion to establish PAG dues, 
the Vinyl Plastics Group will be canvassed and thei! 
reactions to the proposal used as the basis for a recom- 
mendation to Council. 

PAG Administrator Frank W. Reynolds, who chaired 
the meeting, paid tribute to the seven Groups which 
were most active in 1959. Their major spheres of ac- 
tivity were in co-sponsoring and conducting RETECs 
and Workshops and in planning and staffing exhibits 
on use of plastics in electrical insulation and building 
President George W. Martin expressed his belief that 
PAGs, as the technical arm of the Society, will even- 
tually function as divisions with responsibility for 
their own technical programs. 

Attendance at PAG meetings in Chicago reached a 
total of 645 and it was recommended that at least one 
other meeting of each Group should be held during the 
coming year. To encourage these second meetings, 
Officers present voted unanimously to recommend that 
a separate PAG meeting room be provided at all Coun- 
cil meetings with exact details to be worked out by 
the Administrator 

It was also agreed to change the name of PAG 6 
from “Metals for Plastics Molds” to “Metal Mold De- 
sign and Construction” in an effort to indicate more 
clearly the scope of this Group’s activities. 


PAG Chairmen for 1960 are: 


Winfield 
Walter 


Activities 
discussed 


Plastics in Building—Armand G 
Plastics in Electrical Insulation 
mel, Sr. 

Extrusion 


A. Gam- 


Ernest C. Bernhardt 
Reinforced Plastics—George Lubin 
Injection Molding—Roger B. Staub 
Metal Mold Design and Construction 
Edgerton 

Castings and Plastics Tooling 
Forming—Donald N. Wood 
Finishing—Thomas E. Hayden 
Thermosetting Molding—Robert W. Bainbridge 
Vinyl] Plastics—Saul Gobstein 
Polymer Structure and Properties 
Kaufman 
Standards for 
Allen 

Plastics in the 
C. Oglesby 


David R 


Jerome D. Bassin 


Herman S 


Reporting Properties—Louis B 


Automotive Industry—Richard 
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from Monsanto Polyethylene 706 


packaging films that 
always “‘test best’’ 
in heat sealability! 


The heat seal test is one of the many film tests made 
to assure dependable performance from packaging 
films extruded from Monsanto Polyethylene 706 resin. 
Film samples extruded from tough 706 are regularly 
tested on this heat sealer instrumented for pressure, 
temperature and dwell time. Seals are then evaluaied 
for strength and consistency. 

Monsanto Polyethylene 706 was specifically devel- 
oped for industrial packaging films. 706 is an extremely 
uniform resin—blend to blend, bag to bag—assuring 
outstanding consistency in both extrusion and con- 
verting. The film produced has top notch heat seala- 
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bility, great impact strength, excellent openability in 
all gauges and at all filling speeds, uniform translu- 
cency. No wonder more and more converters are 


depending on film of 706 for trouble-free operation in 
hundreds of industrial film applications. 


Work with the film that 
‘‘tests best’’—write for 
names of extruders of 706 
resin. Monsanto Chemical 
Company, Plastics Division, 
Room *°& Springfield 2, 
Massachusetts. 


Monsanto 








COMPRESSION. TRANSFER PRESSES 





IPEL molders are busy; their keen 
B judgment in presses reflects in their 
sales. Their production is up with BIPEL 
Compression - Transfer Presses. “Auto 
Control” means more cycles per hour, 
rejects virtually eliminated. 8 variable 
pressure ranges available from 24 to 
660 tons fully or semi-automatic, or 
manual control for complete flexibility 


Check BIPEL Sowice 


Demonstrations, Information, Service and 
Parts always available at Tiverton, R. I 
Make an appointment to sce BIPEL Com 
pression-Transfer PRESSES (and Horizontal 
Hydraulic PREFORMERS, too!) 


8.1.P. Engineering Ltd. Sutton Coldfield, Englond 


RALPH B. SYMONS ASSOCIATES, INC. 
3571 MAIN ROAD, TIVERTON, R. I. 


COMPRESHION - TRANSFER PRESSES 
wro@AULIC 





TECHNICAL 
MEETINGS 
CALENDAR 


=e 10h ANTEC ———. 


Annual Technical Conference—January 
24-27, 1961, Shoreham Hotel Washing 
ton, D.C. Sponsored by the Baltimore 
Washington Section. General Chairman 
Dr. Gordon Kline, National Bureau of 
Standards, Washington, D. C. 


ee 1969 RTECS ———— 


Offers of papers in the technical area of 
each Regional Technical Conference are 
solicited by each sponsoring Section. 
Please submit offers and abstracts to 
RETEC Chairman or Section President 
indicated below for each RETEC: 


April 20—Plastics in the Petroleum and 
Chemical Industries, North Texas Sex 

tion, Hotel Texas, Fort Worth, Texas 
Chairman, Raymond S. Perkins, c/o 
Southwestern Pipe Co I QO. Box 117 
Mineral Wells, Texas 


September 8 and 9—Vinyl Plastics and 
Plastics in the Shoe Industry, Eastern 
New England Section, Statler-Hilton Ho 
tel Boston Mass section President 
(im P Fong ( 0 Raytheon Mtg Co 
P.O. Box 25, Maynard, Mass 


September 22—Plastics in Business Ma- 
chines, Binghamton Section, Sheraton 
Inn Binghamton N. Y. Chairman; John 
I Gwyn, c/o Consolidated Plastics. 498 


Conklin Ave., Binghamton, N. Y 


October 5—Plastics in Corrosion, Golden 
Gate Section. Chairman: ]. W. Richard 
son, c/o Rohm & Haas Co 600 Cal 
ifornia St., San Francisco 8, Calif 


October 19—Tooling for the Plastics In- 
dustry, New York Section, Hotel Com 
modore, New York City. Section Presi 
dent Edward Larkin, c/6 Monsanto 
Chemical Co 145 Park Avenue, New 
York 22, N. Y 


November 7—Automation in Injection 
and Compression Molding, Ontario Sex 
tion, Toronto, Ontario. Chairman: J. M 
Lees, « » Canadian General Electric Co 
755 Division St., North Cobourg, On 


tario, Canada 


November 18—Blow Molding, Newark 
section Essex Hor Newark N J 
Chairman: Robert Hoehn, Mack Molding 
Co., Ryerson Ave., Wayne, N. ] 


———— §Pi COMING EVENTS ———— 


April 7, 8—Seventeenth Annual SPI 
Western Section Conference, The Society 
of the Plastics Industry, Inc., New Riv 
iera Hotel, Palm Springs, Calif 

April 20, 21—Cellular Plastics Division 
Automotive Conference, The Society of 
Plastics Industry, Inc., Statler Hotel, De 
troit, Mich 

April 20, 21, 22—Third Annual Fluoro- 
carbons Division Meeting, The Society 
of the Plastics Industry Inc Hotel 
Rooseve It, New Orleans, La 

April 25, 26—Eighteenth Annual SPI 
Canadian Section Conference, The So 
ciety of the Plastics Industry (Canada 
Inc London Hotel, London, Ont., Can 
ada 

October 13, 14—Sixteenth Annual SPI 
New England Section Conference, The 
Society of the Plastics Industry In 
Wentworth-by-the-Sea, Portsmouth, N.H 


SPI EVENTS—1961 —————— 


February 7, 8, 9—Sixteenth Reinforced 
Plastics Division Conference The Society 
of the Plastics Industry, Inc I dg« water 
Beach Hotel, Chicago, il 

April 20, 21—Eighteenth Annual SPI 
Western Section Conference, The Society 
of the Plastics Industry, Inc Hotel del 
Coronado, Coronado, Calif 

June 5-9—Ninth National Plastics Exposi- 
tion, Sponsored by The Society of the 
Plastics Industry, Inc Coliseum, New 
York City 

June 5-9—SPI National 
Sponsors d by The Society of the Plastics 
Commodore Hotel, New 


Conference 


Industry, Inc 


York City 


——— Congress for Macroplastics ————— 
The International Congress for Macro- 
plastics will be held on October 17-19, 
1960, Utrecht Netherlands 


—_—___—__— DETROIT RUBBER —————— 
and PLASTIC GROUP MEETINGS 
April 22—Spring Meeting, Detroit Leland 

Hotel 

June 24—Summer Outing, Western Coun 
try Club 

October 7—Fall Meeting, Detroit L« 
land Hotel 

December 9—Christmas Meeting, Statler 
Hilton Hotel 
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HE-260 


Dollar for Dollar, You Can't Beat 
HARTIG EXTRUDERS 





Mr. Gould gets his information first hand, and keeps in close 
touch with all phases of activity of all three of his plants 


So says George Gould, President of 

Plastic Materials & Polymers, Inc., 

foremost custom compounder, and 
one of the most progressive and fastest grow- 
ing in the country. “Hartig has kept up with 
the times, and dollar for dollar, you can’t beat 
Hartig extruders.” 

Mr. Gould is in a position to know what he’s 
taiking about, because in his three modern, 
strategically located plants he has many 
Hartig extruders working three shifts a day, 
seven days a week, with another Hartig now 
being installed. 

If you are planning to add extruding capa- 
city or to replace obsolete equipment, it will 
pay you to investigate Hartig. Write, wire, or 
phone us for facts and figures. 
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Here's another new Hartig full capacity extruder 
being installed in the Hicksville, Lt. 1. plant. 


BRRTIG 


EX TRUDERS 
WALDRON-HARTIG DIVISION 


Midland-Ross Corporation 
P.O. Box 531, Westfield, N.J. 





HI 


SECTION 
NEWS 


UAYUTUUU VATU OUUOOAUD VOU LAAL ANAT 


Golden Gate Section 


Golden Gate Attends SPI 
Meeting 


Theo. V. Malianni 


Golden Gate's January meeting was 
cancelled to enable its members to 
accept a cordial invitation from SPI 
to attend a special meeting at Inter 
national Inn on Jan. 26 to hear John 
Davidson and William Cruse 

SPI President, Fred Kennerly, first 
introduced Mr. Davidson, sales man 
ager for the Semet-Solvay Petrochem 
ical Division of Allied Chemical Corp 
who outlined latest polyethylene de 

particularly stressed 
intent and efforts to 
ralst quality und standards. espec ially 
in the polyethylene pipe field 

Mr. Kennerly then introduced Mr 


executive vice president of the 


velopments He 
the industry's 


Cruse 
SPI who discussed several facets of 
today’s plastic picture. He told of the 
work of the Underwriters Laboratory 
and the working relationship existing 
between them and the plastics indus 
trv. He touched briefly on the new 
laws of the Food and Drug adminis 
tration and the problems ot interpre 
tation. In concluding his remarks of 
the Building Codes, he told of several 
joint committees which were organ 
ized to set up workable standards. In 
showing how the plastic industry is 
meeting problems as they arrive, he 
outlined — the 
counsels who appear before commis 


committees and legal 


sions of freight boards, railroads, and 
truckers to see that rates are properly 
set and interpreted. Aided by movie 
films, he reviewed the plastic bag situ 
ation from the original furor to the 
present; stressing that the industry 
emphasized that education—not legis 
lation, was the key 


Central Ohio 
Annual Christmas Dance 


Richard B. Sharpe 


On Dece mber 18th 


wives, and guests of 


approximately 


fifty members 


Shit) 


the Central Ohio Section attended the 
annual Christmas Dinner-Dance held 
at the Granville Inn, Granville, Ohio 
An excellent buffet dinner was served 
before the dancing to the music of 
The Gaytones. The expert planning 
of John Rutherford and Gary Fulmer 
once again made this an excellent af- 
fan 

No January meeting was held be 
cause ot Antec 


Pioneer Valley 
Plastic Foam Forum 


Roger Johnston 


On January 21 it snowed in 
Boylston, Massachusetts 
were undaunted were treated to a 
most enlightening talk on foams by 
Howard Hinkley of Koppers ' 

Introduced in 1954 by Koppers 
stvrene foam ranging in densities from 
410 Ib./cu.ft. to 1 Ib./cu-ft 
derful properties of insulation, water 


Those who 


has won 


and shock resistance, lightness and 
strength. Steam at 45-100 p.s.i.g. is 
forced quickly through 1/16” or 1/32” 
holes in pressure cast aluminum molds 
clamped at 50 p.s.l. pressure and gives 
up its latent heat to expand the beads 
Other heating methods can be used 
The beads are colored before expan 
sion. The density and its variation are 
a matter of trial and error. Laminates 
with all types of material give addi 
tional uses. While self extinguishing 
types of styrene foam are available 
some building codes still prohibit it 
The questions and _ the samples 
showed the great interest in foams 
and brought out interesting 
facts 


many 


Pittsburgh 
Molds and Mold Design 


Chuck Infante 


The Pittsburgh Section’s January 
meeting took place in the Sherwyn 


Hotel on Thursday evening, January 


21, 1960. There were two speakers 
for the evening who spoke on molds 
and mold design. Mold sets were dis 
cussed by Egon Stauer, Sales Man 
ager, The International Tool & Manu 
facturing Company of Kennilworth 
New Jersey. Egon discussed the needs 
and desirability of standards in regard 
to mold sets 

The second speaker, Mr. E 
Newark 


pointed out 


I. Csas 
Tool & 
Die Company, many 
things that affect mold design. Thess 
include the part itself the 


zar, Vice President 


would 
molder doing the work, the material 
being used, the type of press, and 
naturally the end user of the finished 
product. All of Csaszar’s remarks cen 
tered around the present approac h to 
mold design. He re-defined many of 
the terms which are often misundet 
stood. For example, he re-defined 
cooling to temperature control, which 
much better describes this party ular 
aspect of molding 

The interest was high and was dem 
onstrated by the active question and 
answer period that followed the two 


speaker Ss 


Philadelphia 


Plastics Processing and 
Product Design the 
Rheologist’s Viewpoint 
George R. Dehoff 


At its January meeting the Phila 
delphia Section went collegiate. Chair 
man E. C. Bernhardt had not one 
but two, university professors on hand 
to discuss flow in its relation to plas 
tics processing About 110 members 
and guests heard Dr. A. B. Metzner 
of the University of Delaware discuss 
Plastics Processing—The Influence of 
Fluid State Viscoelastic Properties 
and Dr. Bryce Maxwell of Princeton 
University describe Plastics Product 
Design—The Influence of Solid State 
Viscoelastic Properties 

Dr. Metzner reviewed fluid prop 
erties to show how plastics fit into 
the general fluid flow picture. He 
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then discussed the rheological behavior of polyethylene and 
polypropylene pointed out not only the complicating fea 
tures, but also the simplifying assumptions that permit the 


engineer to apply rheological data to plastics processing 

Dr. Maxwell, dealing with solid state properties, devel 
oped the relationship between rheology and mechanical 
engineering. He pointed out how the design particles fol 
lowed with metals are not adequate for plastics because of 
the changes that occur in properties due to deformation 
and time 

During the brief business portion of the meeting R. E 
Maier 
clected pre sident 


introduced the newly 
R. P. Conwell of the Dow Chemical 
March 22 meetir 
molding and extruder instrumentation 


Akron 


retiring section pre sident 


Company. Topic for the is extrusion 


, 
1S 


Plastics in Radomes 
Merle J. Sanger 
Mr. George Fretz, of the Goodyear Aircraft ( orporation 
presente d a very interesting and informative talk on Design 
Radomes before the 
Akron Section on Monday evening, January 25. A film was 


Fabrication, and Erection of Large 


used to illustrate the methods used in the construction of 
two different types of radomes. The first of these radomes 
a 110 foot diameter sphere was assembled from sheets of 
polyester fiberglass laminated to flexible urethane foam 
rhe purpose of the foam is to provi le thermal insulation 
Che sections of poly ster-fiberglass and foam were attach 
to a tubular metal superstructure The other radome was ; 
140 foot diameter giant made up of polyester-fiberglass at 
honeycomb core sections. These sections, of six inch thic 
ness, were bolted together to produce the over-sized go 
ball that can be seen from the New Jersey Turnpike a 
Moorestown, New Je rsey 

Mr. Fretz also described and showed a sample of th 
polystyrene foam used in the Luneberg lens. This material 
is providing greater accuracy and range for our radar sta 


tions in various parts of the country 


Indianapolis 

Pressure Measurement in Injection Molds 

D. E. Collins 

The central Indiana Section of Plastics Engineers held 
their January Technical meeting at the Continental Hotel 
Indianapolis, Tuesday the 26th 

Mr. Keith Weston of Western Electric ( ompany, retiring 
president announced that through the recent membership 
campaign twenty-eight new members had been accepted 
by our section 

Mr. Weston very cleverly presented Mr. Milt Brummer 
Rohm and Haas Company, newly elected president, who 
conducted the business session 

Mr. Gene O’Mohoney of R.C.A., 
presented Mr. Ralph Fox also of R.( 
subject “Pressure Measurement in Injection Molds”. M1 


Program Chairman 
A. as speaker on the 


Fox described the need for such engineering methods in 
the molding of records. Transducers were briefly discussed 
as a means of heat control. The talk was accompanied by 
slides and he concluded the program with a question and 


answer period 


Toledo Section 
Ladies Nite and Plant Trip at Toledo 
R. E. Dunham 

The Toledo Section members entertained their wives at 
Ladies Nite on November 18, 1959. The meeting was held 
at Sunningdale Country Club and an excellent turnout re 
sulted. Mrs. Mary Jane Spencer of the Toledo Blade gave 
an interesting topic “The Latest in Women’s Fashions.” 
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IT’S SURE . . . IT’S SWIFT! 


First choice for quality products 
at definite savings— 


GERING 


GERING PLASTICS <1. ; on ¢: ST/DE s?seReackaro CoaP. Kenilworth, N. J. 


Sales Offices: 5143 Diversey Ave. “nic:go . + | .15 Larchwood Rd., Mansfield, 
Ohio « 216 Wild Ave., Cuya~ ga Falls, Jhio « 103 Holden St., Holden, Mass. 





On December 16, the Toledo Sec 
tion visited the ¢ hampion Spark Plug 
Co. plant in Toledo. Seeing the man- 
ufacture of the numerous parts in 
volved in the many kinds and sizes 
of spark plugs ind the final assem 
bly proved to be an extremely inter 
esting trip Champion makes all the 
component parts utilizing many auto 
working machines 


mati metal 


Tolerances on some parts are held 
very close. A new plating installation 
had just been placed in full opera 


tion and was doing a fine job. Scrap 


metal is cleaned and briquetted to 
be returned to the steel companies 
The latest 
being used 

New officers for 1960 elected at a 
recent board meeting are—Ron Wag 
Ed Romay, Vice-Presi 


Secretary; and 


packaging methods ar 


ner, President 
dent; Bill Anderson 
Andy Kassay, Treasurer. New direc 
tors elected were M1 Kassay Don 
Bowlin and Mr. Anderson. Tom Erard 
was elected the National Director 


Florida 


Florida Completes First 
Year 


The Florida Section of the Society 
of Plastic 
its first year of operation with a Dance 
Celebration Party 

The President's gavel was turned 
over to Paul D. Landers of the Rohn 
and Haas (¢ ompany by founder Presi 
dent, George H. Light of Modern 
Plastics. Other officers for the vear 
1960 are Vice President—Harry Wick 
strom otf Minne sota Mining, Secret ir\ 

Marvin Dilloff of Claude Neon 
lreasurer—Jack Paulen and National 
Pfuntner, both 


Engine ers just comple ted 


Councilman—Jordan 
* B & B Distributors 

Although actually chartered in July 
the Florida Section closed the vea 
with over fifty 
is currently scheduling 
Activities Group Meetings on latest 
plastic developments and membership 


ictive members and 


Professional 


is expected to expand 
The Florida Section meets on the 
the third Monday of each month at 
opposite the 
Airport it 
The public is invited 


lerry’s Restaurant 


Miami 
6:30 PM 


Newark 


““Normal Force Effect’ 
Extruder 


International 


extrusion prin 


ciple developed in the Plastics Labor 


Che revolutionary 


itory at Princeton University will be 
the top when the Extrusion Profes 
sional Activities Committee of SPE 
Newark section opens its first discus 
March 21 


sion series Monday 


Open without charge to all inte: 
ested persons the event features Prof 
Bryce Maxwell of Princeton, well 
known for education and research in 
plastics engineering. He will discuss 
“Extrusion without Screw or Ram” in 
the auditorium of Esso Research and 
west of U.S 


starting at 


Engineering, Linden Ave 
Rte # | Linden N | 
8:00 P.M 

Prof. Maxwell's extruder is based 
on the effect” rather 


than viscous drag of hydraulic pres 


normal force 
sure and promises simpler machine 
construction as well as shorter poly 
\ working model 


has been built and several production 


mer residence time 


designs ire under way 
Newark’s Extrusion PA( 
Zurkoff, chairman plans also to pre 
sent Dr. A. M. Birks, Canadian Indus 
trial Ltd., in a late May 
“Melt 
featuring movies of flow 
Details of this occasion, and 


Be rmard 


lecture on 
Fracture in Film Extrusion” 
through a 
glass dic 
of another being arranged for April 
will be announced later 

Other members of the newly formed 
Professional Activities Committee are 
Robert Bostwick, Leonard B. Ryder 
Jerome S. Schaul and Robert F.West 


ovel 


Southern Section 


Extrusion Molding 
James W. Root 


[The November meeting of — the 
Southern Section was held at Brad 
Restaurant in At 


a pleasant surprise to 


shaw’s Suburban 
lanta. It was 
see members from as far away as Toc 
Hampton South 


coa Georgia and 
Carolina, in attendance 

Following dinner we wer priv 
ileged to hear a presentation on ex 
trusion molding given by Dr. Ernest 
C. Bernhardt Supervisor of Extrusion 
und Process Developm nt Activitic Ss 
at the Sales Service Laboratory of 
the E. I. du Pont de Nemours & Com 
pany, In Polychemicals De partment 
Dr. Bernhardt, who has studied chem 
ical engineering in both the United 
States and Germany, is the author of 
the recently published book, Polymer 
Processing, Reinhold Publishing Com 
pany, 1959. Topics discussed in Dr 
Bernhardt’s presentation included 

1) Plasticating advantages of ex 
truders as compared to injection mold 
ing machines 2) continuous sheet 
extrusion and sheet forming 3) blow 
molding; (4) Extrusion molding (ex 


truder ram combination separate 


screw and ram, and reciprocating 
screw); and (5) molding operations 
single and multipl 


The final point covered in this pa 


per was the controversial question 
Will extrusion molding replace in 


jection molding? 


St. Louis 
Bernhard Visits St. Louis 


Norman A. James 


The January meeting of the St 
Louis Section was held at the Prim 
Rib on Clayton Road, January 18 
1960. Thirty members and guests wert 
present 
members of the section 
board of directors are Wayne De 


Norman A. James and Otto 


rhe new 


Camp 
Wultert 

The slate of officers for 1960 which 
the board elected follows 


Lyle R. Dean—President 

B. M. Coons—Vice President 

N. A. James—Secretary Recorde: 
L. E. Lada—Treasuret 


The section was pleased to have 


Mr. Lew Bernhard, General Manage 
of the National Office of SPE, as its 
guest. Lew passed on a few general 
remarks about ANTEC 


several questions from the floor. He 


and answered 


was a welcome guest 

[The membership approved _ th 
board’s decision to sponsor a one 
semester course in the University Col 
lege of Washington University entitled 
‘The Technology of Resins and Plas 
tics.” The course will be taught by Dr 
H ] Lanson, and he will be assisted 
by guest lecturers from the St. Louis 
Section of SPE 

The speaker for the evening was 
Dr. H. J]. Lanson, Vice President and 
Technical Director of the U. S. Ve 
hicle and Chemical Company. His 
subject was “Plastics in Electrical In 
sulation.” Before ably presenting in 
formation on limitations and classifi 
cations of plastic insulators, properti s 
of plastic insulators, the fluidized bed 
coating procedure and outlining som 
of the combinations of plastic mat 
rials currently in use as insulators, Di 
Lanson briefly the me 


chanics of polymer chemistry 


desc ribed 


Upper Midwest Section 


“Epoxy Molding Compounds 
—New Fields for Molders” 


Charles M. Smith 


Mr. Paul E. Fina of the Fiberit 
Corporation opened the 1960 season 
by delivering the first paper at th 
January meeting of the Upper Mid 
west Section 

Mr. Fina covered the subject of 
“Epoxy Molding Compounds” very 
well and explained that they are the 
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latest entry into the thermosetting molding material field 
They exhibit a very desirable characteristic of retaining 
their excellent adverse conditions of moisture and high 
temperature making them ideally suited for electronic ap 
plications 

These materials are receiving widespread attention in 
molded encapsulation replacing the slow and costlier potting 
methods that have been used in the past The high degre« 
of chemical resistance offered by the epoxies particularh 
to high caustic solutions opens up new applic itions for plas 
tics m the corrosion fic Id The epoxies can be molded in 
standard phenolic compression O01 transfer molds at tem 
peratures of 300°F to 350°F and unde pressures as low as 
500 Ibs per square inc h 
Potential 


low dic costs due to low mold pressu es Possible molding 


Some of the advantages of using epoxies are 
around tiny pm holes delicate inserts, ceramic walls as re 


sistors and capacitors), wiring, me tal stampings et Lasting 

encapsulation by conventional molding te hniques 
Preceding the lecture which was held in the President 

Cafe, 3021 Nicollet Minneapolis Minnesota cocktails wer 


served followed by dinner 


Ontario 
Blow Molding 
Harold A. Shure 

Details of the January meeting of the Ontario Section ar 
«lS follows 
Place 
Date Thursday 
Attendance L106 persons 
Subject “Blow Molding” 
Speaker Mr. Wm. P. Mastrolia, Director of Market Re 


search of Celanese Plastic ( ompany 


Toronto, Ontario 
January 21, 1960 


Al] aspec ts of blow molding from materials and machines 
to markets were described. Slides illustrating the subjects 
were also shown 

Chairman for the meeting was our 1960 President M1 


who introduced 


Harry Watson, Canadian Plastics magazine 
his fellow directors for the vear 

Mr. M. J. Lees, Chairman of our Ontario Section Pro 
fessional Activities Committee, announced that a RETE( 
will be held in October ‘60 in Toronto on automation in 
molding Members who are able to help the committee with 
the thermoset aspects of molding, please contact Mr. Lees 


Canadian General Electric Company Cobourg, Ontario 


Rochester Section 
Molding Equipment 
David L. Messenger 
The January meeting of the Rochester Section held at 
the Colonial Hotel was called to order by newly elected 
John lr. Bent 
pany, Division of Eastman Kodak Company 
Speakers of the evening were Mr. Werner Meyer of Kord 
ite Corporation and Mr. G. V. Delaire of Eastman Kodak 
Company. The subject discussed was the extrusion and in 


section President Tennessee Eastman Com 


jection molding machines and equipment as seen by them 
in their recent visit to the Dusseldorff Trade Fair, Dussel 
dorff, Germany 

his proved to be a very interesting subject and was 
followed by the usual question and answer period 

Despite a heavy snow storm, thirty-four members wer 


present, 





Looking for a Job 


SPE members are allowed, without charge, three non-display 
situations wanted” insertions in the SPE Journal in a calendar 
year. Try this SPE employment aid now 
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MODEL 6002, DOUBLE ZONE CIRCULATING 
UNIT, TEMPERATURES RANGE 60° TO 210° F 


ACCURATE TEMPERATURE 
CONTROL for INJECTION 
MOLDING 


Model 6002 is a compact, completely self-contained 
unit for heating or cooling water, and circulating it 
through mold passages. Two independent heating, 
cooling and circulating systems accurately maintain 
two temperature ranges. Immediate reaction to tem- 
perature variances results in low water consumption. 
Controls and hose connections conveniently placed. 


MODELS FOR EVERY TEMPERATURE CONTROL NEED 
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ABOUT 
MEMBERS 


Donald M. Joseph has been appointed 
vice president and general manager 
of Ciba Products Corp. Mr. Joseph is 
a graduate of Brown University and 
joined Ciba in 1952. He was a fighter 
pilot during World War II. 


Ralph M. Knight was elected president of the chemical 
division of the National Distillers and Chemical Corp 
He was formerly vice president and polyethylene man- 


age! 


Dr. W. M. Lair has been appointed director of re- 
earch and development of Continental-Diamond Fibre 


Corp., subsidiary of The Budd Co 


Lee T. Bordner, President of Sierra Electric Corp. was 
elected Vice Chairman of the Wiring Device Section 
of the National Electrical Manufacturers’ Association. 


George A. Stein was named manager of technical serv- 
Archer-Daniels-Midland Company’s plastics 
He is a graduate of Case Institute 


ice fol! 
division 


Peter E. Throckmorton was appointed associate chemist 
at Midwest Research Institute. He was formerly a re- 
search chemist with General Mills 


Richard S. Carr has been named Western Product Sales 
Manager of Cadillac Plastic & Chemical Co. Carr was 
formerly Pittsburgh sales representative for Rohm and 
Haas Co 


Barrese’s promotion to Sales Manager was 
recently announced by Mannesmann-Easton Plastic 
Products Co., Inc. He will direct sales of rigid PVC 
pipe, tubing, and fittings and will make his headquar- 
ters in Easton, Pa 


Joseph J. 


George Nalle, Jr., President of Nalle Plastics, Inc., re- 
ceived one of the two outstanding achievement awards 
for new developments in plastics processing, 1958-9, at 
ANTEC, in Chicago 


the 16tI 


George S. Nalle, Jr. accept 
ing in behalf of Nalle Plas 
tic Inc ne ft the twe 
achievement 
1958-59. Henry 
internationally 
Consulting 


presenting the 


utstanding 
owords of 
Richardson, 
known Plastics 
Engineer, is 
before the annual 
Society of 
Plastics Engineers in Chicage 


award 
meeting of the 


William Crawford has recently joined 
Alta Plastics, Altadena, California, as 
Vice-President and General Manage 
Mr. Crawford was formerly Southern 
California Sales Manager for West- 
ern Fibrous Glass Products Co 


Alfred S. Backus was elected Vice President, Opera- 
tions, of the Mycalex Electronics Corp., Mycalex Tube 
Socket Corp., and the Synthetic Mica Co. 


George Flanagan, President of the Baltimore-Washing- 
ton Section, recently gave a lecture entitled Modern 
Plastics Technology—A Challenge of Materials and 
People. The lecture was one of a series sponsored by 
the National Bureau of Standards and five technical 
societies to help students become informed on materials 
development in the space and atomic age. 


Harold W. Mohrman has been promoted to the newly) 
created position of director of research for Monsanto 
Chemical Company’s Overseas Division. Mr. Mohrman 
will make his headquarters in St. Louis. 


W. R. Pellom was recently promoted to the newly cre 
ated post of Assistant Sales Manager, Lucidol Division, 
Wallace & Tiernan Incorporated. 


Donald T. Smith has been appointed as a Technical 
Sales Representative to the New England Region of 
Union Carbide Plastics Co., Division of Union Carbide 
Corp. Mr. Smith will be handling the sales of Bakelite 
brand molding and extrusion materials 


Howard S. Malby has been appointed Head of. Field 
Technical Service, Celanese Corporation of America 
William P. Mastrolia was named Director of Market 
Research for Celanese Plastics Co 

Milton Sanders has founded a new company—Precision 
Molding Incorporated. The company does injection 
molding of precision plastic parts. Location is 41 Holly 
Place, Stamford, Conn. 


Sumner E. Tinkham has been appointed V.P. Engineer- 
ing of Tech Art Plastics Co. He was formerly with 
Boonton Molding Co. 


Frank E. Seborowsky, formerly of the 
Celanese Corporation of America, 
has been appointed General Manager 
of the newly formed Blow Molding 
Division of Chanal Plastics Corp., 
Rego Park, N.Y. The new division 
will offer custom services to the in- 
dustrial parts, packaging, bottle, 
display, and toy industries. 
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Richard B. Bishop announces that he 
has established a consulting service 
in Petrochemicals and Plastics. The 
offices are located at 13 Prospect Ter- 
race in Leominster, Mass. 


Val Reisig has been named assistant advertising man- 
ager, plastics division, Eastman Chemical Products, 
Inc. Mr. Reisig joined Eastman in 1958 and was for- 
merly with Union Carbide Plastics. He holds a B.S 
degree in Chemical Engineering from the University of 
Notre Dame. He is a native of Pottsville, Pa. 


William M. Shine has been appointed Vice President 
of Celanese Development Company 


A. L. Trafford, 475 The Kingsway, Islington, Ontario, 
who has been a member of SPE for some years, has 
established consulting services for the plastics industry. 
Mr. Trafford has had wide experience in product engi- 
neering, development and management in the industry 
For the last five years, he has been general manager of 
Midland Reinforced Plastics Limited. 


Fred Conley, SPE’s first President, was unable to at- 
tend the 16th ANTEC held in Chicago, January 12-15, 
1960. Mr. Conley, however, did write to Frederick C 
Sutro, Jr., SPE’s 1959 President. We think our readers 
will be interested in excerpts from Mr. Conley’s letter, 
below. 


Dear Fred: 


It is with deep regret that serious illness in my family 
will prevent me from attending 16th ANTEC. 


I have watched from the sidelines the healthy growth 
of SPE since the early formative years when I, the 
founder and first President, along with the early 
membership, struggled with a very limited budget 
to build our membership into a strong Society. It 
is indeed, very gratifying to know that I did have 
a small part in the building of SPE 

I am particularly pleased with the plans in the 
making; for an American Plastics Institute; the 
awarding of Scholarships, and the Inter-Society Re- 
lations with ACS, ASTM, MCA, NACE, and other 
technical societies. I want to express my thoughts in 
favor of a job well done in building the SPE Journal 
to a highly important, technical source of engineer- 
ing material, brought about for many years by the 
untiring efforts of Dr. Jesse Day 

I wish to compliment you personally for a job well 
done as President, during your term of office and 
will you please extend my congratulations to all 
SPE Officers and Committees for their untiring ef- 
forts in building an ever better and stronger SPE 


Cordially, 


Fred Conley 


Ernest D. Carmagnola, Design Con- 
sultant and co-founder of Cecil S 
Volk Associates is Chief Engineer of 
The Jamison Plastic Corp., custom 
injection molders. 
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XALOY...used for a quarter of a century... worldwide 


ao, 


Bimetallic 

extruder cylinders 
...any length 

...any diameter 
...any wall thickness 





Xaloy production and engineering facilities are 
the largest in the world devoted exclusively to 
bimetallic extruder cylinders. Xaloy cylinders are 
designed to increase your output, expand your 
production time, cut your replacement costs and 
reduce your down-time. Xaloy...original equip- 
ment on all leading extruders—and the logical re- 
plac ement for every extruder. Write for new Xaloy 


Engineering Data Guide 


INDUSTRIAL 
RESEARCH 
LABORATORIES 


Division of Honolulu Oil Corp. 
961 East Slauson Ave. 
Los Angeles, Calif. 





PLASTICS 
AROUND 
THE WORLD 


Italy 


Materie Plastiche 
NOVEMBER 1959 


Electrostatic Charge in Plastic 

Substances—G Bonfiglhio, pp 

945-50 

The characteristic of plastics to 

electrostatic charge ji 

well known, as is the fact that the 
the insulation value, the 


assume an 


the charge 

reported that PVC, polysty- 
rene and polyethylene exhibit neg- 
while cellulose ace- 
methacry- 


ative charge 
tate, PVC copolymers, 
lates and formaldehydic resins are 
positive. The quantity of static 
electricity generated on a plastic i 
influenced by the nature of the 
resin, the way in which it has been 
processed, the nature of substance 
in the resinous product and the 
ambient humidity 

In PVC an antistatic effect may 
be achieved by varving the level 
of plasticizer, but in rigid product 

more difficult. Sus- 
olution polymers ac- 
readily than 


the solution i 
pension and 
cept a charge more 
emulsion polymers, probably due 
to the weak antistatic properties of 
residual emulsifiers. An instrument 

‘asuring static is described 
a number of mechanical 
and electrical method 


nating static 


Dependence on Time of the Elec- 
trical Conductivity of PVC Prod- 
ucts—A. Coen, P. Parrini, pp 
931-40 
The studies here reported have 

hown that an appreciable time, on 

the order of tens of minutes, may 
be required for a plastic material 
to reach a stable rate of electrical 
conductivity. The time required 


336 


reaches a practically constant value 
depending variously on the com- 
position of the system, the tem- 
perature and other physical factors 
PVC, polystyrene, polymethyl- 
methacrylate, polyethylene, poly- 
trifluoroethylene and _ polytetra- 
fluoroethylene have been studied 
and are discussed. The apparatus 
is described and illustrated. 16 ref- 


erences 


Plastics in Hydroponic Culture 
Ferraris pp 941-44 


Commercial hydroponics are well 
known. This article describes, with 
photographs, a specially designed 
phenolic grill which, when placed 
on a glass flower vase, will sup- 
port a growing house plant. If the 
nutrient solution is replaced every 
three or four weeks, plants may 
be grown hydroponically at home 
Included in the list are plumosus, 
begonia, caladium, diffenbachia, 
philodendron, rubber plants, pothos 
and sanseveria 
The Thioplasts—M. Bornengo, pp 
953-960 


article covering the 
in their 


A review 
sulfur containing polyme! 
various aspects. 47 references in 


the bibliography 


Evaluation of Open-Enclosure 
Epoxy-Sealed Motors—V. B. Hon- 
singer, Allis Chalmers 


Results of environmental tests 
on open-enclosure epoxy-resin 
sealed motors designed for use 
under conditions where standard 
enclosed and protected motors are 
normally used are presented. The 
application of the epoxy-resin seal- 
ing technique to motor design 
makes possible an open enclosure 
type that shows extremely high re- 
sistance to chemical action, mois- 


This month’s column has been made possible 
through the contributions of these abstrac 
ters 


Alfred L. Alk (Materie Plastiche) 
John J. Shay (Electrical Manufacturing) 


ture humidity, vibration, abrasion 
and mechanical stress 

taining the normal advantages of 
direct air cooling, light weight and 


lower cost inherent in the open en- 


while re- 


closure design 


DECEMBER 1959 
Office Furniture 


The publications “Materie Plas- 
tiche” and “Aluminum, New Metal- 
lurgy”’ announce a joint competi- 
tion for Italians for the design of 
office furniture using plastics, syn- 
thetic fabrics and light metals 


The Behavior of Thermoplastic 
Materials to Prolonged Stress 
G. Pastonesi pp 1028-32 
The Plastic Research Institute of 

Delft has studied the effect of long 
stress on thermoplastic piping at 
ambient temperatures with a view 
to predicting their usefulness fifty 
years hence. The studies also indi- 
cate the safety factors which are 
to be applied and predict the ex- 
pected useful lives of various plas- 
tic pipes when safety factors arte 
increased or decreased 


Water Vapor Permeability of Plas- 
tics—M. Bornengo, pp 1046-50 
As synthetic and natural poly- 

mers find greater use as containe! 
the need for greater knowledge of 
their properties continues to in- 
crease. Water vapor is thought to 
pass in three ways: 


1. Through existent capillarie 
or preformed cavities in the macro- 
molecule. 

2. The vapor diffuses 
the plastic mass by means of cav- 
ities which are temporarily formed 
by thermal motion of the polyme: 
chain. 

3. The vapor passes by a process 


through 
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of solution on one side, diffusion 
through the mass to the other side 
where there is a lower concentra- 
tion and subsequent evaporation 
from the latte: 

The article 
which influence permeability such 
as humidity, temperature, molecu- 
lar weight, intramolecular forces 
and composition. Tables summarize 
the published results 


face 


discusses factors 


The Copolymers of Vinyl Chloride 
P. L. Sbrolli, L. Lucchetti 

Part V: Copolymers with acrylic 
derivatives. Continuing a 
the authors examine the copoly- 
mers of vinyl chloride with acrylic 
monomers. They discuss methods 
of preparation, properties and ap- 
plications; copolymers with acrylic 
acids and esters, with methacrylic 
esters and acrylonitrile with par- 
ticular reference to copolymers of 
vinyl methacrylate and vinyl] chlo- 
ride-acrylonitrile, the most im- 
portant types of this group. 75 
literature references 


series, 


High-Potential Tests for Aircraft 
and Missile Electrical Insulation 
L. B. Kilman, J. P. Dallas 
MIL specifications now 
1500-volt, 60-cycle, 1l-min. high 
potential 28-volt aircraft 
missile equipment 


require 


tests ol 
and electrical 
These tests are also recommended 
by AIEE test code No. 803. The 
and cons of tests are 


pros these 


reviewed, test procedures de- 
scribed, and test data on repeated 
tests are summarized for com- 
mercially available plastics includ- 
ing Mylar polyester film, TFE- 
fluorocarbon tape and _§ silicone- 


rubber tape 


United States 


Electrical Manufacturing 


JANUARY 1960 
An Evaluation of Special Purpose 


125-30 


‘ 


Adhesives—pp 

The experiences of the Am- 
phenol-Borg Electronics Corp. in 
developing a special adhesive for 
bonding components of a new type 
of electrical connector are de- 
scribed. A study of contempo- 
rary adhesive materials including 
epoxy-based compounds, synthetic 
rubber-based compounds and sili- 
cone resin types and their evalua- 
tion in the program is presented 
From the material published, other 
areas of application may be ex- 
trapolated 
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Breakthrough For 
MARLEX* Overwra 
p 

For sometime now it has been possible 
to slot extrude MARLEX into a clear 
overwrap film possessing outstanding 
clarity, sparkle, stiffness, impermeabil- 
ity, and heat resistance. Economical 
production rates as high as 440 feet per 
minute and haze characteristics less 
than 4% for 34-mil film are obtainable 
with water bath quenching 

Those packagers and converters who 
have been “chomping at 1 bit’’, ex- 
cited with the potentials of this econom- 
ical and serviceable film, can take heart 
The chance to use it is just around the 
thanks to sor 


corner e recent develop- 


mental work done in close cooperation 
with Scandia Overwrap Machinery Com- 
pany. The result of this work—a ciga- 
rette Ooverwrap machine converted for 
use with MARLEX film—was 
at the PMMI Show 


A wrapping speed of 150 units per min- 


veiled 


a tew montns ago 


ute (the same achieved with cellophane) 
was the big news. Also, the cost of con- 
verting existing cellophane machines is 
low and quickly underwritten by the 


lower cost of MARLEX film 


Injection Molding— 
Some Facts and Fancies 


Occasionally we used to come across a 
“reluctant molder”’. A likeable fellow, 
he would willingly ack vledge the ex 
cellent physical properties of our high 
density polyethylene re Ss, Dut he just 
couldn't bring himself to use them. He 
would put us off easy with something 
like—*“Sure your stuff is great, but it’s 
too different for me to mold” 

i 


But times change ind today such a 


molder recognizes that, while high den- 
sity polyethylene molds differently, the 


*MARLEX radem 


real difference is in the finished piece. 
For when the finished piece requires 
superior characteristics of strength, 
hardness, wider temperature range, sur- 
MARLEX Is a winner 


Injection molding of any material re- 


face finish, etc 


quires skill, precision and proper tools 
For example, molding general purpose 
polystyrene in a mold that is impropet ly 
cooled results in unnecessarily long 
cycles. With high density polyethylene, 
the same improper mold cooling can 
result in warpage 

In 1959 we reported two new devel- 
opments in injection molding: an insu- 
ated hot runner molding technique and 
a new breaker-plate which increases 
plasticating capacities of injection mold- 
ing machines. Both of these develop- 
ments enable molders to do an even 
better, easier job. In 1959 we also pub- 
lished an 8-page technical bulletin en- 
titled, “Injection Molding Problems 
Solutions”. This bulletin supplements 
two earlier bulletins on injection mold- 


ing. All three may be obtained by writing. 


Bright Future 
For Blown Bottles 


Blow molded bottles for liquid deter- 
rents are a resounding success and the 


rush is on to evaluate these containers 


for such products as bleaches, toiletries 


waxes, medicines all manner of 
things liquid. Production ts way behind 


; ' 
demand, 


so the equipment fellows are 
working nights, too. All this activity 
warms our hearts since MARLEX Resins 
offer the best balance of properties for 
blown bottles available today. The com 
bination of density and melt index pro- 
vides excellent environmental stress 
cracking resistance and rigidity, along 
with good processability. In the Lab we 
are working on new applications and 


blow molding techniques. Technical 


data is available for those interested, 


nily of olefin polymers 


PHILLIPS CHEMICAL COMPANY, Bartlesville, Oklahoma 


A subsidiary of Phillips Petroleum Company 
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_ NEW 
= BOOKS 


Linear and Steroregular Addition 
Polymers—Polymerization with 
Controlled Propagation 


By Norman G. Gaylord & Herman F. Mark 
Interscience Publishers, New York, 571 pages, 
$17.50 


The authors in this second volume 
of the 
made a most noteworthy contribution 
to the 
that literally exploded with the an 
nouncement of Professor Ziegler’s dis 


Polymer Review Series have 


science of polymer chemistry 


covery and the investigations that fol 
conducted by Professor Natta 
In the brief span of 6 years, a tremen 


dous number of technical articles and 


lowe d 


an even larger number of patents wer 
published all over the world. The au 
thors have done an extremely fine job 
in collecting and organizing not only 
the technical literature but most of 
these patents. The book presents an 
excellent review and bibliography of 
the literature through February, 1959 

Those familiar with the patent lit 
aware of the difficulties 


authors faced in obtaining 


erature are 
that the 
comparative data. In spite of the ap 
parent difficulties, Gaylord and Mark 
have pre sented the data on the state 
of the art in a concise and comprehen 
ive manner. This was accomplished 
by dividing the book into 13 chapters 
with a general appendix and a specifi 
wuthor, subject and patent index 
After a brief review of polyime riza 
tion kinetics, the 


idsorption 


volume covers the 
on surtaces and comple x 
for stereo 


formation requirements 


specific polymerization, structure of 
polyme rs in the solid state solution 
fluid-bed 


catalvst 


processes with 
fixed-bed 


processes polymeriza 


properties 
various types ot 
polymerization 
tion of olefin oxides, and the physic il 
f olefin polymers Chap 
ter XII titled Tabulated Patent Ex 


ample vers The chap 


prope rties 


130 page s 


ter is further broken down into 26 
tables arranged on the basis of the 
nature of the process, the monomers 
used, the composition of the catalyst 
Under each of these particular tables, 
a large number of patent examples 
have been abstracted and presented, 
and includes the preparation and 
propertie s of the polymers Where in- 
sufficient data was not present in the 
example, or where duplication of re 
sults were obtained, and where a solid 
polymer did not result, all were elim 
inated from consideration 

The general appendix contains new 
material on the various chapters 
whic h was published atter the chap 
ters had gone to print 

The authors deserve a great deal of 
praise for their monumental effort in 
arranging, interpreting, and tabulat 


in the enormous volume of patent 


information which appeared sO 
quickly on this specific subject. The 
book by Gaylord and Mark is a com 
prehensive and authoritative source 
ot information on this rapidly grow 


ing branch of polymer chemistry 


Robert Steinman, Ph.D 


Handbook of Toxicology, Volume III, 
Insecticides 


A Compendium by William O. Negherbon, 
854 pp. $14.00; Volume IV, Tranquilizers, 
Analysis & Compilation by Maxwell Godon 
and R. F. J. McCandless, 120 pp., $4.00; 
Volume V. Fungicides, Analysis and Com 
pilation by Everett F. Davis, Barbara L. Tuma 
& Lucy C. Lee, 242 pp., $5.00, published in 
1959 by W. B. Saunders Company, Philadel 
phia, Pa. and London (England) 


These three volumes follow and 
comple te the first two of the series 
“Solids, Liquids and 
lished in 1956 and “Antibiotics” pub 
lished in 1957. Like these which wer 


reviewed in the SPE Journal during 


Cases” pub 


their respective yeat of publication, 
Vols. III, IV and V 
under the Direction of the Committee 
on the Handbook of Biological Data, 
Division of Biology and Agriculture 
The National Academy of Sciences 
[he National Research Council 

data, these 


were prepared 


Besides toxicological 
books give the generic and alternate 
names, molecular formula, structural 
formula, chemical and physical prop 
erties of all compounds listed and the 
clinical data and patent numbers of 
many of them. An impressive bibli 
ography helps the reader interested 
in research work on these subjects 
These books are very complete and 
up-to-date and will be welcome not 
only by toxicologists, but by users of 
the chemical compounds therein dé 
scribed. A very interesting and patient 
research and compilation study and a 


iob well done 


Dr. Louis C. Barail 
Barail Associates 


Automating the Manufacturing 
Process 


By George F. Hawley, Reinhold Publishing 
Co., N. Y., 147 pages, $4.95 


Mr. Hawley, in a rather brief book 
attempts to outline various phases of 
the automation process, from both the 
philosophic al and the engineering 
points of view. By means of several 
examples, he sketches the deve lop 
mental phases of several hypothetical 


production machines, to illustrate the 


procedures evolving between the time 
of conception and “on-the-line” op 
eration of the devices 

The book is useful as an introduc 
tion to the idea of automation, but is 
not recommended as a valuable addi 


tion to a reference library. 
Samuel S. Oleesky 
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ters and margin are provided by the : : ' 
gold of the die casting showing European Flights for 


through. SPE Members — 1960 
In approving the new material and There will be the following group flights for SPE-members 
design, the Membership Committee ind their family) in 1960: ; 


emphasized that both the plastic June 17 New York—Brussels,—return July 4 Brussels—New York 
pin, distributed previously, and the a exhibition “EUROPLASTICA 60° Ghent, Belgium, 
new die-molded zinc pins are of fi- n case of sufficient support another earlier flight may leave 
cial SPE pins. The zinc pin does not New York June 10 with connection to Moscow, International 
supersede the plastic pin. ymposium for Macromolecules, June 14-18 

Th . ‘led 3 October 7 New York—London—Amsterdam, return Oct. 23 Amster 

e new pins are mailed gratis to jan 
all new members admitted to the purpose: International Synthetic Rubber Symposium and Exhibition, 


Society since the supply of plastic London, England, Oct. 11-13 and 
International Congress for Macroplastics, Amsterdam, Holland and 


pens became exhausted. plastics exhibition “macroPlastic”, Utrecht, Holland Oct. 10-12 and 


To Sections and other SPE mem- Oct. 19-26. 

bers they may be purchased post- 1 case of sufficient support another group flight could take 
“ - : place for industrial plant visits in Europe on 

paid from the SPE National Office, uly 30 New York-Vienna (Austria) and return Aug. 2] r 


65 Prospect Street, Stamford, Conn., eptember 11th Saltsburg, Festival 
Aug. 24 New York-Rome (Italy) and return Sept. 11 (Olympic 
somes 


as follows: 


' ; All flights will be on modern 4-engine aircrafts of one of the 
No. of Pins Price major airlines with first class service, most of them non stop 
1-24 $1.00 each some jet. The round trip fare on these charters will be $270 to 


$300 ri ETS( $20.—deposit with applicatio s required 
per person posi PI ion is requit 
n e 

25 and more 75 each ind to be mailed to Dr. Heinz Neunteufel, 116-16 Audley St.. 
Kew Gardens 18, L.1., N. Y. (office telephone 9 AM to 3 PM: 
EV-3-4350, Brooklyn An early booking is advisable as espe 
cially the earlier flights are expected to be sold out by March 
tance. : 

Commercial and technical assistance in Europe is available 
through the European, American Plastics Institute (Dr. Neun 
te ufel 


All orders must contain remit- 
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POSITIONS OPEN 





SALES REPRESENTATIVE 
WANTED 


For established pearlescent pig- 


ment manufacturer. Knowledge of 


plastic compounding and coating 


industries required. Several choice 


territories open. 
Rona Laboratories, Inc. 
Bayonne, New Jersey 
HE 7-0800 





PLASTICS PLANT MANAGER 

Require aggressive’ individual 
with at least five years responsi- 
ble experience in injection mold- 
ing production. Due to 
potential of this position, 


unusual! 
candi- 
date should hi above-average 
capability for 
rowth. Location in Southern New 
England with publicly- 


growth company. Opening 


broad personal! 
young 
owned 
due to promotion of { 
Replies 


complete 


presen 


] 


incumbent confidential, 


hould include qualifi- 
cations and salary requirement 


Box 2860, SPE JOURNAL, 65 


Prospect Street, Stamford, Conn 





PLASTICS 
ENGINEER 


JOHNS-MANVILLE CORPORATION 


emustry 
the pl ish 


residential 


Professional 
Personnel 
Manager 
Johns-Manville 
Research Center 
Manville, 


New Jersey 


PRODUCT 


DESIGN 
ENGINEER 


ressive responsible er 
get things done quickl 
Degree or equivalent, with ma 


rineer who 


und accu 
chinery design experience and preferably 
ome knowledge of plastic 
wsist Chief I t 


extruder d 


extrusion. To 


nginec in supervision of 
sign departmen 


Waldron-Hartig 


Di of Midland 
Ross Corp 

P. O. Box 791 

v Brunswick, N. T 











DEVELOPMENT MANAGER — 

CHEMICAL PRODUCTS FOR 

CONSTRUCTION & BUILDING 
We have an excellent 


tunity for a chemist with at least 
a Bachelor’s Degree, as Manage! 


oppor- 


of Product 
Corrosion Engineering Dept. Suc- 
cessful candidate will be responsi- 
ble for all product 
development including field trials 
and trial sales with customers and 
potential customers, technical ser- 


phases of 


vice and sales service projects. 

Experience in resin chemistry 
and development work helpful but 
not necessary. Our Corrosion En- 
gineering Facilities, located in the 
Allegheny Valley near Pittsburgh, 
Pa., offer pleasant working condi- 
personnel policies 
and congenial associates 


tions, liberal 


Please send resume of personal 
data, education, work experience 
and salary requirements to 


PENNSALT CHEMICALS 
CORPORATION 


CORROSION ENGINEERING 
DEPT 


NATRONA, PA 


Development in our 


PRODUCTION—PLANT 
MANAGER 


Young management 
leader with experience and abil- 
ities in coating, extrusion and plas- 
tics fabrication and _ processing 
wants opportunity to progress in 
production supervision/manage- 
ment. Responsible background as 
technical coordinator in com- 
pounding, development, and pro- 
duction. 

Reply box 2160, SPE JOURNAL, 
65 Prospect St., Stamford, Conn 


qualified 





PLASTICS ENGINEER 


Plastics Engineer to supervise 
mold design and operation of com- 
pression and injection equipment 
Experience in Teflon or Nylon 
helpful. Established New England 
processor. 

Reply Box 2360, SPE JOURNAL, 
65 Prospect St., Stamford, Conn 


DEVELOPMENT 
ENGINEER 


Once-in-a-lifetime 
opportunity for an 
experienced 


ELECTRICAL OR 
MECHANICAL 
ENGINEER 


A new division is being established 
in Reinforced Plastic products with 
this nationally known manufac- 
turer of steel products for industry, 
agriculture and the home. This is 
a chance to get in on the ground 
floor and to grow with a division 
whose products have unlimited 
horizons. In order to qualify for 
this opening you should be familiar 
with the application of solenoid 
coil design, printed circuits, insula- 
tion material, and other plastic ap- 
plications in the electrical compo- 
nent industry. Salary will be com- 
mensurate with experience and 
abilities. For a personal and con- 
fidential interview send complete 
detailed resume to: 


D. H. Devine 
A. O. Smith Corp. 
Box 584 
Milwaukee 1, Wis. 
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POSITIONS OPEN 


POSITIONS WANTED 





SENIOR POLYMER CHEMIST 


Excellent opportunity for or- 
ganic chemist with strong funda- 
mental knowledge of polymers 
Must like working at bench with 
assistant (s). Ph.D. or equivalent 
with polymer experience neces- 
sary. Emphasis on phenolics at 
first, shifting eventually to epoxies, 
polyester and other thermo-setting 
resins. Replies held in confidence. 

Reply Box 1860, SPE JOURNAL, 
65 Prospect St., Stamford, Conn. 





PLANT MANAGER 


Medium-sized established and 
growing custom molder in the New 
York Metropolitan area offers ex- 
cellent opportunity to right man. 
Must have supervisory background 
and knowledge of thermosetting 
materials, estimating, engineering 
and production 

Send resume and salary require- 
ments: Box 1960, SPE JOURNAL, 
65 Prospect St., Stamford, Conn. 





FILM SALES 

Unusual opportunity exists for 
experienced polyethylene film 
with new division of 
nationally known company. Ex- 
perience must include selling to 
industrial and converter accounts 
on Eastern Seaboard, or in East- 
North-Central area. This is a real 
chance to get in on the “ground 
floor” of a dynamic growth situa- 
tion; consequently, the individual 
we are seeking must have the po- 
tential for broad personal growth 
Reply in strictest confidence giv- 
ing full details of your education, 
experience, and salary require- 
ments to Box 2760, SPE JOUR- 
NAL, 65 Prospect Street, Stam- 
ford, Conn. 


salesman 





FLORIDA 
VINYL EXTRUSION EXPERT 


Foreman needed to take charge 
of progressive small plant Central 
Florida, thoroughly familiar with 
PVC profile extrusions and experi- 
enced in the development of dies. 
Replies will be kept in strictest 
confidence. Steady position with 
good future. Please address resume 
and salary requirements to Box 
No. 2460, SPE JOURNAL, 65 Pros- 
pect Street, Stamford, Conn. 
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EXTRUSION ENGINEER 


Chemist with 15 years experi- 
ence in wire and cable desires 
new connection with 
company as technical superintend- 
ent or director of research. Can 
prove superior performance in vi- 
nyl, polyethylene, polyamide, tef- 
lon and silicone wire extrusions. 
Familiar with specifications. Estab- 
lished two successful dry blend in- 
stallations and research and con- 
trol laboratories. Experienced in 
up to date plastic compounding and 
coloring as well as rubber, proc- 
essing, laboratory and production 
Willing to relocate, also will accept 
position with limited traveling. 


responsible 


Reply Box 1560, SPE JOURNAL, 
65 Prospect St., Stamford, Conn. 





PRODUCT DEVELOPMENT 


Seven years experience develop- 
ing plastics activities for large 
manufacturer of high speed elec- 
tronic test equipment. Seven years 
experience in management of plas- 
Experi- 
enced in supervision of engineer- 
ing and production groups. Res- 
ident of Pacific Northwest. Will re- 
Cooperative 


tics fabrication business 


locate. 32 years old 
and creative. Resume sent on re- 
quest. Box 560, SPE JOURNAL, 65 
Prospect Street, Stamford, Connec- 
ticut. 





CUSTOM MOLDING 


Wanted—Progressive employe: 
with job worth $13,000-$15,000 in 
engineering or 
plastics 
plastics 


custom molding 
manufacturing—end use! 
product 
liaison—or molding material sales 
engineering. Over 20 years in cus- 
tom molded plastics; comprehen- 
sive engincering background—tool- 
ing, design, process sales; purchas- 
ing and inventory control experi- 
ence; three years as supervisor of 
manufacturing 
tion with 54 people including 20 
engineers. 


engineering OI 


engineering sec- 


Age 42, married, family. B.S. in 
Chemistry. Well balanced person- 
ality. Outside activities include 
scouts, church, golf and fishing. 


Reply Box 2560, SPE JOURNAL, 
65 Prospect St., Stamford, Conn. 


PLANT MANAGER 


Conversant with batch and flow 
line production. Good all round 


knowledge of processing tech- 
niques, with special interest in re- 
nforced materials and plastics in 
building applications. Strong or- 
ganizer, believes in mechanization 
and full plant utilization. Age 35, 
Single. 

Reply Box 1760, SPE JOURNAL, 
65 Prospect St., Stamford, Conn 
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A fellowship to support graduate 
study in the general area of 
plastics and their potentialities 

in the building industry has been 
established at the Massachusetts 
Institute of Technology by Max 
Wasserman, President of Wasco 
Chemical Company. The fellowship 
is open to students in engineering, 
architecture and industrial 
management. 


bt 4: SP: 4): 4-407 40- 4b5 1b. 4b 4b 4b: db: ab 4b 4b. 4b ab bab: 40-4 
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The fellowship carries a total 
annual stipend of $3500.00, of 
which $2000.00 is available for 
general expenses and $1500.00 
for tuition 


50h; ab: 4): 4b: ¢ 


xt sD 


Inquiries should be directed to 
Dr. Albert G. H. Dietz, Professor 
of Building Engineering, Room 
5-209, M.1.T., Cambridge 39, 
Massachusetts. Information 
respecting entrance requirements 
may be obtained from the 
Admissions Office at M.1.T 


Mee Wie ws 
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CLASSIFIED RATES 


“Position Open” and “Position 
Wanted”—Minimum charge: $7.00; 
per word. $0.25. SPE members in good 
standing are entitled to a total of 
three no-charge “Position Wanted” 
advertisements during any twelve 
month period. 

“Machinery, Equipment, Materials 
and Services’—Minimum charge: $15 
00; per word: $0.50 

All ads include one bold face cap 
tion line. Additional caption lines at 
$2.00 extra per line. Boxed ads (four 
side rules) $2.60 additional charge 
Display ads of 1/6 page or more are 
charged at regular advertising space 
rates 

Last day for inserting ads is the 
first day of the month preceding date 
of publication 























rs’ Index 


Advertise 











Aetna Standard, Div. Blaw-Knox Co. 242, 2 


Allied Chemical Corp., National Aniline 


Div 293, 


American Co.—Plastics & Resins 


Div 


Cyanamid 


Archer-Daniels Midland Co 
Argus Chemical Corp 
Barber-Colman Co.—Wheelco Div 
B.I. P. Engineering Ltd 
Blaw-Knox Co., Aetna Standard, Div 
Cadet Chemical Corp 
Celanese Corp. of America—Chemicals 
Celanese Corp. of America—Plastics 

Detroit Mold Engineering 

Jones-Dabney Co., 


Devoe & Raynolds Co., Inc., 


Di, 
Diamond Alkali Co 
Durez Plastic Div., Hooker Chemical Co 


Emery Industries, Inc 280, 2 


Enjay Co., Inc.—Polypropylene 255, 256, 257, ¢ 


Foster-Grant Co., Inc Back Cove 


Gering Plastics, Inc., Div. Studebaker-Packard 
Corp 


B. F. Goodrich Co., Geon Div 3rd Cover 


W. R. Grace & Co., Polymer Chemicals Div. 252, 253 
Harchem Div., Wallace & Tiernan, Inc 288 
Hartig Extruders, Div. Midland-Ross Corp 329 
Hooker Chemical Co., Durez Plastics Div 
Improved Machinery, Inc. 

Industrial Research Laboratories 
Injection Molders Supply Co. 


Jones-Dabney Co., Div. Devoe & Raynolds Co., 


Inc. 
Lucidol Div., Wallace & Tiernan, Inc. 


Midland-Ross Corp., Hartig Extruders, Div 


342 


Metal & Thermit Corp. 
Modern Plastics Magazine 
2nd Cover, 327 


Monsanto Chemical Co.—Plastics 


H. Muehlstein & Co., Inc. 


National Aniline Div., Allied Chemical 


Corp. 293, 


National Distillers & Chemical Corp., U.S. In- 
dustrial Chemical Co., Div. 291, 
National Lead Co. 
National Rubber Machinery Co 
Naugatuck Chemicals Div., U. S. Rubber Co 
Nopco Chemical Co. 
Package Machinery Co.—Reed-Prentice Sales 
Div 283 
Phillips Chemical Co. 337 


268, 269 


Prodex Corp. 


Reed-Prentice Sales Div., Package Machinery 
Co. 


Reichhold Chemicals, Inc.—Plastics 
Rohm & Haas Co 

John Royle & Sons 

Sandoz, Inc 

Sterling, Inc. 

F. J. Stokes Corp. 


Union Carbide Chemicals Co., Div. Union Car- 
bide Corp. 
Union Car- 
320 


Union Carbide Plastics Co., Div., 
bide Corp. 

U.S. Industrial Chemicals Co., Div. of National 
Distillers & Chemicals Corp. 291, 292 

U. S. Rubber Co., Naugatuck Chemicals Div. 282 

Van Dorn Iron Works 251 

Wallace & Tiernan, Inc., Harchem Div. 288 


Wallace & Tiernan, Inc., Lucidol Div. 289 


West Instrument Corp. 240 
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Another new development using 


B.EGoodrich Chemical raw materials 


‘ 


ee 2 ave 


New automatic letter sorter developed for U 
f 


be j Ks, 


S. Post Office by 


Burroughs Corporation, Detroit, puts 279 destination 


slots at disposal of each sorter, as ¢ 


It ends much sorting and re-sorting by hand 


steel coated with Geon vinyl by U.S. Stee 
‘ompany supplies the Geon vinyl 


B.F Goodrich Chemical 


om pare d to only 49 hefore 


machine is sheathed in 


Corporation, Pittsburgh 


t 


U.S. Mail sorting goes automatic 
with new machine sheathed 
in steel coated with Geon vinyl 


This new automatic mail sorter con- 
verts the age-old “peek and poke” 
hand method of sorting letters by 
destination to a smooth, 43,000 
letters-per-hour sorting by machine. 
78 feet long and 10 feet high, the 
machine is sheathed with a versatile 
new combination—steel coated with 
Geon vinyl. 

The Geon coating provides a soft, 
pleasant look and feel. It can be 
washed. It won't scuff or stain. The 
color is permanent and the coating 


protects the steel against both wear 


B.EGoodrich 


GEON vinyls 


and corrosion. 

Geon-coated metals can be formed, 
bent, even projection-welded without 
damage to coatings. Products can 
be made to match the color combi- 
nation or texture of almost any 
material. 

Geon coatings also offer superior 
abrasion, electrical and chemical 
protection for the metal. It’s another 
example of the way that versatile 
Geon is improving products and 
markets. For more 
Dept GM-2 


opening new 


information, write 


HYCAR rubber and latex - 


B.F.Goodrich Chemical Company, 
3135 Euclid Avenue, Cleveland 15, 
Ohio. Cable address: Goodchemco. 
In Canada: Kitchener, Ontario. 


B.F.Goodrich Chemical Company 
a division of The B.F.Goodrich Company 


GOOD-RITE chemicals and plasticizers 





from the “molder’s eye” view. And today, as a leading 


York 17,N.¥. oo 
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Jul 
Manufacturers of Fostarene® Polystyrene « Fosta® Nylon e Fosta Tuf-Flex® Impact Polystyrene 
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